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A reservoir-simulation study of the Andalucia Sur 
Field, using a 3-D, 3-phase black oil simulation system, was 
undertaken to determine the original oil in place (OOIP) and 
the production performance of a group of five sands 
collectively known as the Doima Formation.
The field is located in the Upper Magdalena Basin in 
Colombia, South America. It contains a highly 
undersaturated black oil. The five sands are found spanning 
an interval between +175 feet and -900 feet subsea. 
Structurally, the Andalucia Sur reservoir is a faulted 
anticline. Oil production is commingled from all five sands 
and is being produced from fourteen wells.
Results from the simulation study show that the 
original oil in place for all five sands is 72.02 MMSTB and 
that only 3*85 MMSTB (5.4/6 of OOIP) as of December 31, 1991,
would be recovered by the primary production mechanism. It 
is also shown that the lower "D” and ”E” sands are being 
depleted a lot faster than the other zones.
The feasibility of a waterflood project was studied. 
Results show that for the optimum case, 9*59 MMSTB (13*3% of 
OOIP), as of December 31, 1991, (8'years) can be recovered.
Downdip and updip injection of water to flood all five sands 
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The Andalucia Sur Field is located in the upper valley 
of the Magdalena River in the Department of Huila, Republic 
of Colombia, Figure 1. The field was discovered on the 
basis of seismic investigation. The well Andalucia Sur-1, 
drilled in May, 1980, was the discovery well. Oil was 
found in the fourth sand of a group of five Tertiary sands 
known as the Doima Formation in the faulted anticline of 
Andalucia.
The reservoir is bounded on the eastern flank by a 
thrust fault striking southwest by northeast, known as the 
Andalucia Thrust, and on the south by the underlying water­
bearing zones. To the west, the sediments pinch out against 
the Jurassic Basement. The northern limit is not well 
established as of this date. Nineteen wells, fourteen oil 
producers and five dry holes, have been drilled. All five 
sands have been shown to be oil productive. The lithology 
of the reservoir can be defined as sand-shale sequences 
spanning an interval between +175 feet and -900 feet 
subsea.
The field contains a highly undersaturated black oil. 
It was put on production in May, 1981, with ten producing 
wells. The maximum oil production rate of 3»799 BPD was 
reached in September, 1981, but has declined steadily to the
ER-2760 2
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Figure 1. Geographic Location
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current average of 1,750 BPD, despite the drilling of four
more wells. All wells are on sucker rod pumps with
commingled production from all exposed sands.
Fluid level measurements have been used as the method 
to determine average reservoir pressures. Although the 
results so obtained are highly questionable, a severe 
pressure decline is suspected.
The purpose of this study is to evaluate the original
oil in place (OOIP) for each sand, simulate the primary
production performance and contemplate the feasibility of a 
water injection project to increase the ultimate recoverable 
reserves. To accomplish this, a three phase-three 
dimensional black oil simulation system has been used.
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GEOLOGY
The Magdalena River Basin in Colombia, South America is 
divided into the Upper, Middle and Lower Magdalena Basins. 
The Upper Magdalena Basin(1), where the Andalucia Sur Field 
is located, has an area of 4,9^0,000 acres and is a tectonic 
depression 31 miles long and 12 to 31 miles wide between the 
Central and Eastern Andes. It is a marginal, but integral 
part, of the Great Colombian-Venezuela Geosyncline (2), 
which generated the largest part of South American oil.
More exactly, the Upper Magdalena Basin is part of its 
western shelf, region flooded by Cretaceous Seas. A 
columnar section of the Upper Magdalena Basin is presented 
in Figure 2. Morales(3) states that the generating beds of 
Villeta K-3 (shales), which are black and bituminous, were 
compressed through tectonic movements and mountain- 
building into a horst and graben sequence, forcing the 
migration of oil into the K-4 reservoirs or the Caballos 
Sands. In some circumstances, he says, this oil has gone 
into the Doima Sands, as in the Andalucia Sur Field, or into 
the Honda Formation, acting as the host rock.
The Doima Formation, a Tertiary deposit with a 
continental environment, is divided into three sections, as 
follows:
1. Lower sand section
V A L L E  S U P E R IO R  OCL M A G O A L E N A  
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2. Mid-section, consisting of clays
3. Upper sand section
The lower sand section comprises the five producing 
horizons in the Andalucia Sur Field. Its geologic 
description is that it is composed of fine to coarse-grain 
sandstone with an abundance of fragments of igneous rocks, 
mica and chert. It has a shaly matrix and good porosity and 
permeability.
The mid-section is described as multi-colored, soft and 
soluble clays.
The upper sand section has a similar lithology to the 
lower sand section.
The interpretation of the geological features and the 
morphology of the SP and Resistivity curves of the electric 
logs suggest that the sand deposition model is 
characteristic of a fluvial channel with the sediments 
thickening in a southward direction.
The lower two sands, called ”D" and "E" sands, pinch 
out against the basement toward the north and east and are 
cut by the Andalucia Thrust Fault running on the east side 
of the structure. These two sands are described as medium- 
to-coarse grain with poor to good sorting, which fit the 
laminated-bed load zones of the fluvial model. Their 
average thicknesses are 30 feet and 12 feet respectively.
ER-2760 7
The three upper productive sands in the Andalucia Sur 
Field, called "A”, MB" and ”C,f sands, are found throughout 
the entire structure. Their average thicknesses range from 
10 to 25 feet.
These three upper sands are very fine grained, with 
poor sorting and a high content of silt and clay. This 
description fits the flood plain or natural levee portion of 
the model.
ER-2760 8
THE ANDALUCIA SUR RESERVOIR
1. THE STRUCTURE
Structurally, the Andalucia Sur Field is a faulted 
anticline elongated in the northeast by southwest direction, 
bounded on the east flank by a thrust fault called the 
Andalucia Thrust.
Structural contour maps of the top of each one of the 
five sand layers producing in the field are presented in 
Figures 3 through 7.
2. ROCK PROPERTIES
All reservoir parameters needed as input data for the 
simulation and the calculation methods and sources used are 
briefly discussed in the following sections. These 
reservoir parameters are also presented in Tables 1 through
4.
2.1 Permeability
Absolute permeability values ranging from 5 
millidarcies to 240 millidarcies were obtained from 
Drillstem Test data. The calculation method as recommended 
by Odeh and Selig(4) was used. The fact that in most cases
ER-2760 9
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TABLE 1
RANGE OF POROSITY AND PERMEABILITY VALUES 
AS CALCULATED FROM FIELD DATA
SflMO ABS. PERHERBILITY POROSITY
(MILLJDARCIESJ (FRAC.l
A 5. TO 33. 0.19 TO 0.24
B 33. TO 117. 0.17 TO 0.22
C 9. TO 117. 0.15 TO 0.21
0 22. TO 240. 0.22 TO 0.24





RESISTIVITY OF THE FORMATION WATER
SAND WATER RESIST.
(OHH-M)
A O.ilO TO 0.33
B 0.35 TO 0.31
C 0.33 TO 0.30
0 0.27 TO 0.25






PVT PROPERTIES OF RESERVOIR FLUID
(DIFFERENTIAL LIBERATION AT 114 OEG. FAREN.)
PRESSURE BO RS OIL VIS. GAS VIS.
(PSIG) (RB/STB) (SCF/STB) (CP) (CP)
5000. 1.0357 58. 4.1
4000. 1.0409 58. -
3000. 1.0465 58. -
2000. 1.0553 58. -
1500. 1.0555 58. -
1000. 1.0586 58. -
900. 1.0594 58. -
700. 1.0605 58. 3.36
500. 1.0618 58. 3.31
300. 1.0632 58. 3.27
200. 1.0638 58. 3.25
100. 1.0647 58. 3.23
68. 1.0650 58. 3.2 2 0.0105

















HYDROCARBON COMPOSITION OF SEPARATOR 
LIQUID AND GAS
MOL PERCENT





C3 6. H8 38.23
I cu 2.13 5.91
NCU 6.75 11.0
IC5 3.39 2.2<J
NC5 U. 19 1.9U
C6 6.23 0.09











data from the initial flow and closed in periods had to be 
used (the wells killed by themselves making the final build­
up data useless for calculating purposes) made the 
permeability values so calculated rather unreliable. 
Besides, the pressure gauges ran in those tests showed a 
hysteresis effect so pronounced that the calculation of 
fluid produced during the first flow period was quite 
questionable.
Another attempt to calculate absolute permeabilities 
for each sand was made by using build-up data from static 
fluid level measurements as furnished by the operating 
company. The method recommended by Tracy et al (5)for low 
productivity pumping wells was implemented in a computer 
routine. The computer routine and a calculation example are 
presented in Appendix A.
An additional source of permeability values was the 
special core analysis and the conventional core analysis 
carried out on samples from the "B” sand in well Andalucia 
Sur-22 by two service companies (6,7). The plot of absolute 
core permeability versus core porosity from these 
references is presented in Figure 8. The ranges of absolute 
permeability values for each sand determined by using field 
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Figure 8. Permeability- Porosity Cross Plot
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2.2 Porosity
Porosity values from the above-mentioned core analyses 
and from open hole log data were available for the study. 
The latter were used as input for the simulator. The 
calculation approaches are explained in detail in the log 
interpretation section. Weighted average values of porosity 
for each sand are presented in Table 1.
2.3 Thickness
Net thicknesses, rather than gross thicknesses, as 
determined from induction log data were used in this study. 
Unlike most cases, the SP curve could not be used as a good 
lithology marker, because of the high shale content of the 
sands. Thickness maps for each sand are presented in 
Figures 9 through 13.
2.4 Rock Pore Volume Compressibility
Although rock compressibilities as determined by 
Ecopetrol(8) were excessively high (see Figure 14), they can 
be seen as a qualitative indication of the degree of 
uncompaction or friability of the formation. On the other 
hand, when sonic logs were run, the transit time was in the 
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|  # *  m ^ m m n ^ N N N O J N
•  { •  •  •  • . ♦  •  •  • ( •  •  •  •»f> irb̂ N̂irN̂ OpONO 
*4  r t p j n m w n m M N N N N N
• • ♦ • •! • • • •!• • • •
#• * s | © i f M f ^ i r 'M t f H © p © o m %  *4
<*> ^ { o ^ i A N > T 0 9 0 p
•4
•  ! • • • «
O ^N JlO  
o j fV i r g
•  ! • • • • ;  • • • • ! • • •*J tfNffN̂ NNdOObON
•  | • • • • ; • • • • ] • • •N̂̂ N̂ NOCDObÔ*4
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ROCK COMPRESSIBILITY  










Figure 14. Rock Compressibility
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The first estimation of the rock compressibility was 
made by using the correlation reported by Hall(9). During 
the first history matching runs, it was found that the 
pressure drop caused by fluid production was too high, 
making the calculated pressures reach negative values after 
the first six months of production. Therefore, the value for 
compressibility as estimated from Hallfs correlation, 3.6 x 
10“6psi” ‘1 was believed to be quite low and the rock 
compressibility became another variable during the history 
matching.
This confirmed what Newman(10) has shown, that the 
Hall(11) and Knaap(12) correlations do not apply to a very 
wide range of reservoir rocks. Since this particular 
reservoir rock can be classified as friable (samples could 
be cut into cylinders but the edges could be broken off by 
hand), different values from the study by Newman were tried 
during the history matching. 15 x 10”6psi“'l was accepted as 
the most probable value of rock pore volume compressibility 
for the field.
2.5 Resistivity of the Formation Water
Formation water resistivity for each sand was 
calculated using three different approaches as explained in 
detail in the log interpretation section. It was found that 
each sand has a different kind of water with salinity
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increasing with depth. Water resistivity values for each 
sand are presented in Table 2.
2.6 Initial Water Saturation
Initial water saturation values were calculated using 
five different options, as explained in the log 
interpretation section. The initial water saturation maps 
are presented in Figures 15 through 19.
2.7 Initial Oil Saturation
Since there was no free gas in the reservoir at the 
time of discovery, and most probably the amount of free gas 
will not reach appreciable amounts, the initial oil 
saturation is calculated based on the fact that water and 
oil are the only saturating fluids. Oil saturation maps are 
presented in figures 20 through 24.
2.8 Capillary Pressures
A set of ten oil-water capillary pressure curves 
determined by the porous-plate method in an air-brine system 
were available from the conventional core analysis made by 
EcopetrolC13)• These capillary pressure curves are presented 
in Figure 25. The capillary pressure curve used for the 
’’equilibration" of the model is shown in Figure 26.
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C A P IL L A R Y  PRESSURE CURVES  
POR. PLATE METH. A IR —BRINE SYST
1. K*17 HO P0FU0.251
2. K*60 HO P0R=0.23S
3. K=89 HD P0R-0.27H
U. K= 137 HO P0R=0.27
5. K-199 HO P0R=0.261
6. K=21H HO P0Rs0.25
7. K= 132 HD P0Ra0.252
8. K= 118 HD P0R=0.2U6
9. K= 116 HD PORsO.255
10. K= 138 HD P0Rs0.28
0.20 0.40 0 60




Figure 25. Oil-Water Capillary Pressure Curves
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C A P IL L A R Y  PRESSURE CURVE  
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Figur© 26. Selected Capillary Pressure Curve
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3. FLUID PROPERTIES
Data from the reservoir fluid study (PVT analysis) 
performed on fluid samples from well Andalucia Sur-1, 
completed in "D" sand, using the recombination sampling 
technique were available for this study. Results are
presented in Tables 3 and 4. The smoothing of laboratory 
data was accomplished by using the Y function and the best 
fitting line was determined by using the mean least-squares 
as recommended by Amyx, Bass and Whiting(14). The bubble 
point pressure was found to be 68 psig with a solution gas- 
oil ratio of 58 scf/stb. The oil density at the bubble 
point was 0.8828 gm/cc (40.5°API) and the density of
residual oil was 0.856 gm/cc (33.8°API).
For the simulation study, it was assumed that the same 
kind of oil was present in all five sands. Water properties 
were calculated by the simulator using actual values for 
density and compressibility at reservoir conditions.
Likewise, gas properties were calculated by the 
simulator. The specific gravity of the gas was assumed to 
be 0.7, since the value of 1.401 from the PVT data could not




Completion reports were furnished by the operating 
company. The type of completion is commingled production 
from the different zones. Details regarding in which zones 
the wells are completed are provided in the production 
history section and presented in Table 5.
5. PRODUCTION HISTORY
Daily oil and water production rates for each well 
from the beginning through December, 1982, are presented in 
Figures 27 through 40. Total daily oil and water production 
for the field are presented in Figure 41.
It is important to say that the production water as 
reported by the operating company is inferred from 
production tests done once or twice each month for each 
well. Cumulative oil and water production for the field are 
shown in Figure 42.
Following is a brief summary of the production history 
on a well-by-well basis.
Well AS-1
Completed in the "D” sand, its cumulative oil and water 
production values through December, 1982, are 225,648 STB 
and 304 STB respectively. The current pumping fluid level 




HELL A SAND 8 SAND C SAND D SANO E SAND
AS-1 NO NO NO YES M
RS-2 YES YES YES YES M
AS-U YES YES YES m M
RS-5 YES (♦> YES YES M M
AS-6 YES YES (♦> NO YES (♦) YES C+J
AS-7 NO NO NO YES NO
AS-10 YES YES YES YES M
AS-11 NO NO NO YES YES
AS-12 NO YES YES (♦) M M
AS-13 NO YES YES M M
AS-17 YES (♦) YES (♦) YES M M
AS-18 NO YES M M M
AS-20 (n n ) NO YES NO H M











REMARKS - n - SAND DOES NOT EXIST IN THIS HELL
(♦) - OPENEO BUT ISOLATED (HIGH HATER-CUT)
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oil rate has dropped from its maximum of 590 STBPD (reached 
in September, 1981) to the current value of 229 STBPD.
Well AS-2
Completed in "A", "B", "C", and "D" sands, its
cumulative oil and water production values through December, 
1982, are 111,150 STB and 149 STB respectively. The current 
pumping fluid level is about 50 feet above the midpoint of 
perforations in "A” sand. The oil rate has dropped from its 
maximum of 482 STBPD (reached in September, 1981) to the 
current value of 135 STBPD. The only production problems 
have been the plugging of tubing and of flow line with 
asphaltene deposits.
Well AS-4
Completed in "A”, "B", and ”CM sands. ”Dn and ”E”
sands are not present in this well. Its cumulative oil and 
water production values through December, 1982, are 86,279 
STB and 15,566 STB respectively. The current pumping fluid 
level is about at the midpoint of perforations in "A" sand 
and about 50 feet above the midpoint of perforations in MB" 
sand. The oil rate has dropped from its maximum of 330 
STBPD (reached during the first week of production) to the 
current value of 67 STBPD. The water-cut has increased from 
12% to 35% during 1982.
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Well AS-5
Completed in "A”, ”Bfl and "C" sands in the northwestern 
part of the field. "D” and "E” sands are not present in 
this well. Its cumulative oil and water production values 
through December, 1982, are 47,723 STB and 7,667 STB 
respectively. The water-cut increased from 12% as of 
completion date to 66% as of December, 1981, when "A" sand 
was shut off by squeezing with cement, reducing the water- 
cut to the range of 2 to 5%.
The oil rate has dropped from its maximum of 316 STBPD 
(reached during the first month of production) to the 
current value of 36 STBPD, with the pumping fluid level at 
the midpoint of perforation in "BM sand. The plugging of 
tubing and flowline with asphaltene deposits is the only 
production problem reported by the operating company.
Well AS-6
Completed in "A", "B", 11D”, and "E" sands. The "C"
sand was found watered-out. Its cumulative oil and water 
production levels through December 1982, are 106,985 STB and 
59,366 STB, respectively. It was completed with a water-cut 
of 23%. After the third month of production, "B”, ”D", and
"E” sands were isolated with a retrievable bridge plug set
at 1,973 feet. The water cut was reduced to 3%, but soon
started to increase up to the current value of 60%. The
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maximum oil rate of 380 STBPD (reached in November, 1981) 
was attained after the isolation of the three lower 
intervals. The current oil rate is 81 STBPD, with the 
pumping fluid level at about 200 feet above the midpoint of 
perforations.
Well AS-7
Completed in "D" sand. "A", "B", and "C” sands were 
found watered-out. "E” sand is not open to production. Its 
cumulative oil and water production levels through December, 
1982, are 262,613 STB and 38,058 STB respectively. It was 
producing water-free oil until February, 1982. Since then, 
the water cut has increased from 3% to the current 30%. The 
maximum oil rate of 655 STBPD was reached during the second 
month of production (June, 1981). The current oil rate is 
407 STBPD with pumping fluid level at about 400 feet above 
the midpoint of perforations.
Well AS-10
Completed in "A", "B", "C", and "D", sands. The "E" 
sand is not present in this well. Its cumulative oil and 
water productions through December, 1982, are 59,409 STB and 
2,712 STB, respectively. The water cut of 5% has remained 
fairly constant since completion. The oil rate has dropped 
from its maximum of 316 STBPD (reached during the first week 
of production) to the curent value of 74 STBPD. The pumping
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fluid level is at about the midpoint of perforations in "A" 
sand.
Well AS-11
Completed in "D" and HE” sands. The "A”, WBM and "C" 
sands were found watered out. Its cumulative oil and water 
productions through December, 1982, are 264,510 STB and 136 
STB, respectively. This well has been producing practically 
water-free oil. The maximum oil rate of 602 STBPD was 
reached in July, 1982. Since then, the oil rate has 
decreased to the current value of 343 STBPD. The pumping 
fluid level is at about 300 feet above the midpoint of 
perforations.
Well AS-12
Completed in ”B” and ”C” sands in the northwestern part 
of the field. The "A" sand was found watered-out. Its 
cumulative oil and water production through December, 1982, 
are 59,294 STB and 7,635 STB, respectively. Completed with 
a 14% water cut, which increased up to 44% by August, 1981. 
A retrievable bridge plug was set at 2,013 feet to isolate 
the "C" sand. As a result, the production of water was 
stopped. The oil rate has dropped from 282 STBPD at the 
beginning of production to the current value of 65 STBPD. 
The pumping fluid level is at about 180 feet above the 
midpoint of perforations.
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The plugging of the flow line with asphaltene deposits 
is the only production problem reported.
Well AS-13
Completed in !,B,f and MC,f sands. Its cumulative oil and 
water productions through December, 1982, was 105,335 STB 
and 810 STB respectively. The maximum oil rate of 468 STBPD 
was reached in September, 1981. The current rate is 111 
STBPD with pumping fluid level at about 100 feet above
midpoint of perforations in "B" sand.
Well AS-17
Completed in the "CM sand. "A” and "B” sands were 
perforated and squeezed out during completion, because of 
high water-cut. Its cumulative oil and water productions 
through December, 1982, was 60,395 STB and 1,657 STB,
respectively. The production of water was almost negligible 
until September, 1982. But in the last 4 months of
production history, the water-cut has increased to the 
current value of 18$. The pumping fluid level has remained 
fairly constant at about 200 feet above midpoint of 
perforation. The oil rate has dropped from its maximum of 




Completed in "B" sand. ”Cft, ”D” and "E" sands are not 
present in this well. Its cumulative oil and water 
productions through December, 1982 are 48,464 STB and 824
STB, respectively. The oil rate has dropped from its
maximum of 237 STBPD to the current value of 40 STBPD. The 
pumping fluid level is at the midpoint of perforations. The 
plugging of the flow line with asphaltene deposits is the 
only production problem reported by the operating company.
Well AS-20
It is the most northwestern well of the field. 
Completed in "B" sand, its current status is shut in because 
of low productivity (2 STBPD). Its cumulative oil and water
productions through November, 1982, are 1,457 STB and 225
STB, respectively. The plugging of tubing and flow line 
with asphaltene deposits is the only production problem 
reported by the operating company.
Well AS-22
Completed in "A", MBfl, and ”D" sands. Its cumulative 
oil and water production through December 1982, are 15,914 
STB and 126 STB, respectively. The maximum oil rate of 197 
STBPD was reached the first month of production. Since 
then, the oil rate has dropped to the current value of 54
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STBPD. The pumping fluid level is below perforations in "A” 
and "B" sands. The plugging of the flow line with 
asphaltene deposits is the only production problem reported 
by the operating company.
6 . PRESSURE HISTORY
A good pressure history is not available for the field. 
The most reliable data are the initial pressures (sometimes 
for a single sand, sometimes an average for different 
sands) as calculated from drillstem test data. Here again, 
data from the initial closed-in pressure was the only one 
suitable for calculation purposes, since most of the time 
the final closed-in periods were too short to get a reliable 
extrapolation.
The attempts made by the operating company to measure 
the average reservoir pressure from build-up data were 
technically sound, but failed in that all data were 
dominated by well-bore storage effects (rising and falling 
fluid level conditions) and/or the duration of the tests was 
too short to get the semilog straight line for extrapolation.
Reasonable data on the bottom hole flowing pressures for 
the last year of production are available from measurements 
of pumping fluid level for each well on a monthly basis.
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7. WORKOVERS AND PRODUCTION PROBLEMS
Workover reports were furnished by the operating 
company. Workovers done through December, 1982, were aimed 
at locating and isolating zones producing water, by 
squeezing with cement or setting retrievable packers. A 
summary of workover jobs is presented in Table 6 .
The plugging of tubing and of flow lines with deposits 
of paraffinic and/or asphaltene materials in some wells is 
the only production problem reported.
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TABLE 6
WORKOVERS PERFORMED THROUGH 12-31-82
HELL JOB DATE
AS-6 RBP SET AT 1973 FT. ISOLATING AUG./81
*B\ *0’ AND *E ’ SANDS.
AS-12 RBP SET AT 2013 FT. ISOLATING AUG./81
’C* SAND.
AS-5 CEMENT SQUEEZE IN *A’ SANO. N0V./81
AS-17 CEMENT SQUEEZE IN *A' 4 'B* N0V./81
SANOS.
AS-18 'A * SANO HAS PERFORATED AND N0V./81
SQUEZZED.
AS-13 LOHERMOST INTERVAL OF *C* SAND 0CT./82
OPENED TO PRODUCTION
ER-2760 69
OPEN HOLE LOG INTERPRETATION
The development of a shale-free formation requires 
stable depositional conditions that wash sand grains free of 
the fine-grained clay minerals. When unstable erosional 
conditions prevail and the sorting action is incomplete, 
many sandstones mechanically trap appreciable amounts of 
clay or shale minerals. The unusual physical nature of clay 
often causes a reduction of primary porosity and 
permeability.
The problem of correctly evaluating log data in shaly 
formations has been with the log analyst since the 
beginnings of the logging industry. Fisher (15) says, 
"There have been almost as many approaches to calculating a 
correct water saturation as there are log analysts."
When there is another conductive medium in a rock 
besides formation water, i.e. shale, the Archie equations 
which deal with the interrelationship of rock resistivity 
(RT), water resistivity (RW), porosity and oil saturation no 
longer apply.
Increasing amounts of shale in a sand tend to reduce 
the resistivity of oil and gas-bearing zones and increase 
the resistivity of water-bearing, highly porous zones. The 
amount of shale within a potential reservoir must be 
quantitatively determined in order to allow for correction
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of the resistivity and porosity type measurements.
The reservoir under study falls within the category of 
dirty sand-shale sequences with shale contents in the range 
of 20% to 55%.
To cope with the problem of obtaining good values for 
the parameters needed in a detailed reservoir study, i.e. 
porosities, saturations, etc., a computer program was 
written as an attempt to optimize the log interpretation 
task for the five producing sands throughout the entire 
field on a foot-by-foot basis.
The objective was to have a computerized, interactive, 
graphic-oriented approach for interpreting log data.
The program makes quality control, environmental 
corrections; calculates shale volumes, porosity, formation 
water resistivity, water saturation and permeability index 
using methods published in the literature. Thirteen
different routines plus the VERSATEC (trademark of CDC) 
plotting routine are called by the program to perform all 
pertaining calculations for the log interpretation.
Nineteen well log sets consisting of induction, density 
and neutron logs for the nineteen wells drilled since May, 
1980, were digitized for all potentially hydrocarbon-bearing 
zones. Files for each well were created in which the 








7. Density correction, delta RHO
The details, calculation sequences and the program 
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MAKE QUALI TY 
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Figure 43. Gross Flow Diagram
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THE RESERVOIR SIMULATION STUDY
The prediction of the behavior of a hydrocarbon 
reservoir under a certain set of prescribed conditions is 
the common goal for reservoir engineering and reservoir 
modeling. The approaches followed to accomplish this goal 
distinguish one process from the other and show the 
fundamental differences and similarities between them. 
Simulation of the reservoir performance can be divided into 
two phases, the phase for parameter estimation or history 
matching phase and the prediction phase.
In this study, the Black Oil Simulation System (BOSS) 
of the Scientific Software Corporation has been used. Black 
Oil Simulators are those simulators intended to model 
systems where phase behavior can be represented by formation 
volume factor and solution gas/oil ratio curves.
A summary of the data requirements for black oil 
simulation and the sources used in this study are presented 
in Table 7. The entire input data file is appended to this 
report in Appendix C.
Thicknesses, tops and bottoms for each sand were input 
in a node-by-node mode. The input value of porosity for 
each sand is a weighted average from log data.
Since a great deal of uncertainty was tied to the 
calculated values of absolute permeability from field data,
ER-2760
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1. KRH AS FUNCTION OF SH
2. KRO AS FUNCTION OF SO
3. KRG AS FUNCTION OF SG
U. OIL-WATER CAPILLARY PRESSURE
5. GAS-OIL CAPILLARY PRESSURE
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5. OIL SATURATION HELL LOGS
6. HATER SATURATION HELL LOGS
RATE SCHEOULE DATA
1. OIL PRODUCTION PRODUCTION FILES




it was not possible to have a zonation of absolute 
permeability as desirable. Therefore, it was assumed that 
each sand had a constant value throughout and furthermore, 
that permeability in X and Y direction had the same value. 
Later on, definitive values of absolute permeability for 
each sand were determined during the history-matching 
process.
1. THE GRID NETWORK
A 19 x 15 x 5 irregular grid network (1,425 nodes) was
selected to define the reservoir for the simulator. Van
/
Poolen et a1(16) show the advantages and disadvantages of an 
irregular grid network over a regular one. In this study, 
besides the fact that by using small grid sizes the 
fundamental flow equations are better represented, the 
regular pattern on which the wells are located forced the 
selection of a fine irregular grid network. The grid system 








Figure 44. Grid Network
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2. RESERVOIR ZONATION
The reservoir was divided into two different regions as 
follows:
Region 1: Comprised of all wells except wells AS-15, 
AS-12, AS-5, and AS-20.
Region 2: Comprised of wells AS-15, AS-12, AS-5, and
AS-20 which are believed to be separated from 
the rest of the wells by a permeability
barrier running southwest by northeast. 
Region 2 is referred to as ’’the northwestern 
part of the reservoir” from here on. Figure 
45 shows the permeability barrier map for 
the simulator, indicating that Region 1 and 
Region 2 are not connected hydraulically.
The proposed reservoir zonation is based on the 
following data:
1. There is a well-defined open hole log
correlation for the 4 wells drilled in the 
northwestern part of the field. Two 
possibilities arise:
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b. Different energy levels prevailed in that 
part of the reservoir during sand 
depositions.
2. A variable water-oil contact for the 
northwestern part of the field could be 
the explanation for the following:
a. Why the "A" sand in wells AS-12, AS-5 and 
AS-20 was tested with high water cut, 
while in well AS-6, structurally lower, 
it is an oil-bearing zone.
b. Why the ”B” sand is producing water-free 
oil in well AS-12, while it was tested 
with high water cut in well AS-17, which 
is higher in the structure.
c. Why the MClf sand is already cutting water 
in well AS-17, while it is producing 
water-free oil in well AS-5, where both 
are at the same structural level.
3. The shale volume and the dispersed type of 
shale in "A”, ”B” and "C" sand increases 
toward the northwestern part of the field as 
calculated from log data.
4. The production history of the wells AS-12,
AS-5 and AS-20 suggest a small reservoir 
being drained by these wells, i.e., good
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production rates at the beginning with a 
sharp decline occurring in a matter of three 
or four months.
Finally, for the sake of monitoring the behavior of 
certain portions of the reservoir during the simulation 
study, eight different blocks were specified within the 
simulator. Each sand in each region was defined as an 
independent block. This gives a better insight into the 
mechanics of the reservoir, since migration data are 
produced as output data indicating the net fluxes of fluids 
across the block boundaries. These net fluxes can be used 
to determine the location of new injectors and producers.
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3. THE HISTORY MATCHING
History matching is the phase for parameter 
adjustments. It consists of changing the inputted reservoir 
parameters in the model until the simulated performance 
"matches" the observed performance. The main purpose of 
history matching is to improve the accuracy or confidence of 
the predicted reservoir performance.
Although it is recognized that all reservoir data have 
some uncertainty in their values, in this study it was 
considered that the larger degree of uncertainty laid on the 
estimated values for absolute permeability and rock pore 
volume compressibility. Therefore, they became the first 
two variables to change during the first history matching 
runs.
Fluid properties from PVT data and formation properties 
like porosity, net thickness and oil-water capillary 
pressure curves were considered reliable enough so no 
further adjustments were implemented during history 
matching.
In the following sections, the history matching 
procedure used in this study, as recommended in the 
reservoir simulation manual of the Scientific Software 
Corporation(17), is discussed in detail.
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3.1. Initialization
In this step, a verification of the basic set up of the 
model or equilibration is made. Equilibration runs, i.e. 
large time steps over the life of the simulation with no 
production or injection specified, are required to insure 
that the model is in static equilibrium at time zero and 
that it remains quiescent over the life of the simulation.
Since the values for initial saturations and initial 
pressures were available only at well locations, the 
simulator was allowed to establish the initial saturation 
and initial pressure distributions by using oil-water 
capillary pressure data from the lab and the initial water- 
oil contact depths for each sand. Because of the calculated 
original water-oil contact depth, from log data and sidewall 
core analysis, and initial fluid saturations, from log 
interpretation, were considered reliable enough, different 
capillary pressure curves from the lab were used until the 
pressure and saturation distributions so generated and the 
saturations and pressures at the well locations were in 
acceptable agreement.
Since shale streaks at least fifteen feet thick are 
interspersed among the five sands, non-communication among 
the sands was assumed, and each sand was treated as an 
independent reservoir. Besides, when some value of vertical
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permeability was assumed, the system turned out to be quite 
unstable with appreciable migration going on among the 
sands.
3.2. Pressure Match
The pseudo-single-phase analogy was used to match 
pressure. By using this pseudo-single-phase analogy, the 
pressure is matched without being concerned about which 
phases are flowing. In this approach, the producing rate as 
specified to the model is the total fluid production to show 
the effects of the reservoir voidage rate to the system. 
Thus, the pressure response of the reservoir because of the
production rate from each well will be a good approximation
regardless of which phases are flowing.
Since in this pseudo-single-phase analogy the system 
compressibility is considered to be the composite three- 
phase compressibility and the transmissibility is related to 
the total system mobility, i.e., the summation of the three 
phases, one should be able to match the pressure of
individual wells and the reservoir regardless of producing-
rate errors or saturation errors. Thus, by adjusting the 
model to achieve the correct values and distribution for 
transmissibility, fluids-in-place and compressibilities, the 
matching for pressure should be accomplished.
In this study, although the estimated values for the
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average pressure were quite questionable, they provided a 
fair approximation of what could be the average pressure 
level of the reservoir at those times. At this point, the 
rock compressibility was the only paramenter adjusted. As 
it was explained in the rock and fluid properties, several 
values for rock compressibility from published correlations 
were tried until the average pressure level was considered 
satisfactory. Values for rock compressibility from 3*7 x 
10“6 vol/vol/psi (Hall’s correlation) to 15 x 10"^ 
vol/vol/psi (Newman’s correlation) were tried. The latter 
was accepted as the most probable value for rock 
compressibility. The next step was checking the shape of 
the curve of calculated average pressure vs. cumulative 
production and the calculated well node pressures. In this 
last part of the pressure match, absolute permeability 
values for each sand and the Kh factor for some wells were 
adjusted. Final values of permeability for each sand are 
presented in Table 8. The calculated average reservoir 
pressure vs. cumulative oil production plot is presented in 
Figure 46.
3.3- Producing fluid ratio match (Saturation match)
Once pressure has been matched, the next step is to 
match producing fluid ratios without concern for the effect 
of pressure on them. If it is possible, the pressure match
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TABLE 8
POROSITY AND PERMEABILITY FOR EACH SAND 
(AFTER HISTORY MATCH)
SAND POROSITT (FRAC.) PERMEABILITY (HILLIOARCIES)
A 0.23 (0.20) 125. (90.)
B 0.20 (0.18) 210. (135.)
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should not be disturbed, but if it is it will be necessary 
to repeat step 2.
In this study, producing ratios in the form of water 
cuts were matched by adjusting relative permeability curves 
from the lab. The basic oil and water relative permeability 
curve from the lab is presented in Figure 47. The water cut 
match in wells producing water was attained by truncating 
the water relative permeability curve to delay the water 
breakthrough. Modified relative permeability curves for 
each sand are presented in Figures 48 through 52. 
Calculated water cuts and observed water cuts on a we11-by- 
well basis and for the entire field are presented in Figures 
53 through 60.
3.4. Productivity Index Match
Since pressures and production ratios have been matched 
in all the wells, the final step is to match the flowing 
pressures in the wells. This is ordinarily done by 
modifying the productivity index for each well without 
causing readjustments of the fluid and the wellbore to such 
a significant degree that the reservoir flow is modified 
(most likely to occur in multi-node wells with commingled 
production). Pumping fluid levels from sonic fluid 
measurements were used to match flowing pressures in the 
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Figure 47. Relative Permeability Curves from Lab
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Figure 50. Adjusted Relative Permeability: C Sand
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Once the water-cut for individual wells and for the 
whole field was matched, six more runs were made for 
prediction purposes. The ending date for all prediction 
cases was December, 1991* The waterflood project was 
scheduled to start on January, 1984, for all waterflooding 
prediction cases.
The maximum bottom hole injection pressures at each 
well were limited by a fracture gradient of 0.7 psi/ft. 
When injection pressures reached the maximum permissible 
value without fracturing the formation, injection rates 
were decreased accordingly.
When new infill producers are considered, they are 
scheduled to go on production for January, 1985, time at 
which all sands have reached acceptable pressure levels 
because of the repressuring caused by the water injection. 
For all cases, the water production in each well is limited 
to a maximum water cut of 90%. The simulator shuts-in well 
completions, i.e. perforated intervals, with the higher 
water cut to keep the total water cut of any given well 
below 90%. When this is not possible, the well is shut in.
All six prediction cases are discussed in the following 
sections.
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4.1. Prediction Case 1.
The reservoir was allowed to produce under its natural 
driving mechanism, i.e. primary production, through 1991* 
Since the production decline is attributed to the lack of 
energy in the reservoir, no new producers were scheduled and 
the field is assumed to be produced with the same well 
completions as of December, 1982.
For this case, the cumulative oil production as of 
December 31, 1991 was 3,853 MSTB (5.4% of 00IP) with a daily 
producing rate of 3^8 BOPD and a water cut of 16.6% for the 
entire field. Well AS-22 was the only well on shut in 
status at that time because of production below the economic 
limit (3 BOPD). Results are presented in Figure 61.
4.2. Prediction Case 2
Results from prediction case 1 confirmed the lack of 
energy in the reservoir. Therefore, injection of water was 
considered as an alternative to improve the ultimate 
recovery of the oil in place.
In this prediction case, the waterflood project is 
implemented by injecting water downdip into all five sands. 
Two different lines of injector wells were defined as 
follows:
One along the approximate line formed by wells AS-24,
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sands;
Another along the line of wells AS-15, AS-6 and AS-1, 
for the "A”, "B" and "C" sands.
In doing this,it was necessary to drill twin wells of 
wellsAS-6 and AS-1, inasmuch as the rest of the wells are 
drilled and completed in the water-bearing zones.
The total injection rate at the beginning of the 
project amounts to 4,750 BWPD. Injectivity in each sand was 
determined by equating it to the initial productivity of 
analogous wells and is presented in Table 9. No new 
producers or workovers in already existing wells was 
contemplated. The proposed plan is shown in Figure 62.
The cumulative oil production as of December 31» 1991
was 6,509 MSTB (9*1% of 00IP) with a daily production rate 
of 1,113 BOPD and a water cut of 75.6% for the entire field. 
No decrease in the water injection rate throughout the 
prediction was observed. Results are presented in Figure 
63.
4.3. Prediction Case 3
The injection pattern of case 2 is maintained for this 
case, but the total injection rate is increased to 8,570 




INJECTION RATE IN EACH SAND 
(BARRELS OF WATER PER DAY)
SAND CASE 2 CASE 3 CASE U CASE 5 CASE 6
A 1000. 1000. 2U08. 2U07. 1650.
B 1000. 1270. 2620. 2620. 1720.
C 800. 1200. 1280. 1280. 1200.
0 1200. 3600. 5U95. 5U95. 5511.
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No new producers or workovers of already existing wells 
are scheduled.
The cumulative oil production attained in this case was 
6,570 MSTB (9.12% of 00IP) as of December 31, 1991. The 
daily production rate was 1,170 BOPD with a water cut of 
82.3% for the entire field. The water injection rate at 
that time was 5,854 BWPD.
Results are presented in Figure 64.
4.4. Prediction Case 4
Results from case 3 indicated that updip injection of 
water was also necessary. Furthermore, the movement of 
fluids within the reservoir, i.e. oil and water banks, 
suggested that one more injector for MD” sand and one more 
for ”A" and MBM sands were needed. Therefore, downdip water 
injection was implemented through wells AS-30I (4,9) and AS- 
341 (2,9).
The updip injection was implemented by drilling the 
following injector wells:
Well AS-31I (18,5) completed in "A” , 11BT* and "C" sands.
Well AS-32I (18,8) completed in "A" and "B" sands.
Well AS-33I (18,4) completed in "D,f sand
The total injection rate amounts to 1 3 » 3 0 2 BPD. 
Injection rates in each sand are presented in Table 9*
































were contemplated. The proposed plan is shown in Figure 65.
The cumulative oil production for this case was 6,704
MSTB (9-3% of 00IP) as of December 31 > 1991. The daily oil
production was 967 BOPD, with a water cut of 72.6% for the
entire field. The injection rate at that time was 3,486
BWPD.
Results are presented in Figure 66.
4.5. Prediction Case 5
The same pattern for injector wells of case 4 is used 
for this case. Results from case 4 showed that the existing 
wells had no productive capacity to produce the formed oil 
bank in good shape. Then six new producers were scheduled, 
as follows:
-Well AS-41 (10,8) completed in "A” and "B" sands
-Well AS-42 (11,4) completed in "A" and "B" sands
-Well AS-43 (15,8) completed in "A" and "B" sands
-Well AS-44 (12,5) completed in MC" sand
-Well AS-46 (5,6) compleed in MDM and ”E" sands 
-Well AS-47 (8,4) completed in "D" sand
Furthermore, well AS-11 was recompleted, i.e. dual 
completed, in "D" and "E" sands, and "CM sand was opened to 
production in Well AS-22. The reason for recompleting Well 
AS-11 was that while both sands we,re being repressured, they 
were taking fluid back and forth, one from the other. The
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proposed plan is shown in Figure 67*
The initial total injection rate for the case amounts
to 13,300 BWPD. Injection rates for each sand are presented
in Table 9. The cumulative oil production for this case 
was 9,590 MSTB (13-3% of 00IP) as of December 31, 1991. The 
daily production rate was 986 BOPD with a water cut of 78.5% 
for the entire field. The injection rate at that time was 
4,864 BWPD. Results are presented in Figure 68.
4.6. Prediction Case 6
In this case, the same pattern for downdip injection 
and the same number of producers for case 5 were maintained. 
The updip injection for M A M , tfBlf and " C11 sands was 
suppressed. Only updip injection for " D " sand was 
implemented. The proposed plan is shown in Figure 69.
The initial total injection rate for the case amounts
to 11,580 BWPD. Injection rates for each sand are presented
in Table 9 .
The cumulative oil production for this case was 8,726 
MSTB (12.1% of 00IP) as of December 31, 1991. At that time,
the daily production was 952 BOPD with a water cut of 72.5% 
and an injection rate of 3,665 BWPD. Results are presented 
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RESULTS AND DISCUSSION OF RESULTS
1. Log Interpretation
It is believed by the author that the computer program 
written for the interpretation of the open hole logs 
represented a big achievement for the understanding of all 
peculiarities present in the field. The high shaliness of 
the reservoir and the rather confusing log responses 
precluded the use of straight forward methods for 
calculating reservoir parameters.
The techniques used for correlation, quality control 
and normalization of the logs seemed to work fairly well for 
the field.
The fact that the saturation and pressure 
distributions, as calculated by the simulator (using 
capillary pressure data from the lab) and the single values 
of saturations and pressures at well nodes from field data 
were consistent, i.e., in close agreement, gives confidence 
in the parameters so estimated.
2. Simulation Study
The original oil in place (00IP) calculated by the 
simulator was 72.02 MMSTB. 00IP and volumetric analysis, on 
a sand-by-sand basis are presented in Table 10. The 
estimated ultimate recovery (ER) as of 12-31-91 of 5.4% of
ER-2760 1
TABLE 10
VOLUMETRIC SUMMARY ON SAND-BY-SAND BASIS
















































OOIP by primary depletion although low was not unexpected. 
This figure appears reasonable for a system like this where 
there is no appreciable amount of gas in solution (58 
scf/rb) and the main driving mechanism is fluid and rock 
expansion.
This study confirmed the little or no support being 
given to the reservoir by the underlying water-bearing 
zones.
The production of water is believed to be caused by 
saturation changes, aggravated by the preference of the rock 
for the movement of water, rather than being caused by 
water encroaching from the underlying water-bearing zones. 
This can be seen from results of prediction case 1 presented 
in Figure 61. Oil saturation maps as of 12-31-91 for each 
sand are presented in Figures 72 through 76.
Although it is recognized that reservoir parameters are 
never known exactly throughout the reservoir and that an 
acceptable history match can be obtained with several 
combinations of these variables, varied over the suspected 
range of uncertainty, the good history match attained in 
this study may indicate that the reservoir parameters used 
could be a good working approximation for their actual 
values.
The prediction runs for water flooding indicated that 
even though adverse conditions exist regarding the water-oil
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•  • • • • • •  •  •
i r v ^ o
****** • • •






* • • « • • • • « • •
r***0 ****** 
• • •
^  ^  ^ o o o o  i * * * ’  * *  
*• #• * **** ** **** ** ** 
} • • • • • • • • ♦ •
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fŷK̂rsitrÔ^
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relative permeability characteristics of the rock, an 
additional percentage of OOIP (8%) can be recovered despite 
the unfavorable mobililty ratio of 3 as calculated from lab 
data.
Since it is accepted that the amount of waterflood 
movable oil is affected by the mobility ratio conditions 
existing within the reservoir, and that for this kind of 
unfavorable mobility ratio displacement, the fractional 
flow curve is very sensitive to the water relative 
permeability curve near connate water saturation, it must 
be born in mind that different results may be obtained 
should the relative permeability curve change.
The reasons why peripheral flood patterns were 
considered can be summarized as follows :
1. This will give the full advantage of the formation 
dip (about 200 ft. closure) in evening out the 
waterflood fronts.
2. Peripheral line drive pattern involves the least 
number of injectors.
3. The production of significant quantities of water 
can be delayed.
4. Permeability of each sand seemed to be great enough 
to permit the movement of water at the desired 
rate over the distance from injectors to the last 
line of producers.
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5. Since the reservoir space occupied by gas is 
negligible, the desire to obtain the quickest 
\ response in terms of oil production could be 
achieved by implementing downdip and updip water 
injection.
6. A peripheral waterflood will generally yield the 
maximum oil recovery with a minimum of produced 
water.
7. Considerable savings can be derived by converting 
wells AS-14, AS-8, AS-15, AS-24, which are drilled 
below the water-oil contacts, to injectors.
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3. Comments on Predictions
Prediction Case 1 gave the basis and the understanding 
on the ’’how’* and ’’why11 of the historical performance of the 
field.
The findings from history matching runs, that the 
reservoir as a whole was undergoing differential depletion, 
were confirmed. The fact that not only the oil rate but 
also the production of water were declining with time, 
confirmed the very weak support being given to each sand by 
its underlying water bearing zone. The accelerated rate of 
depletion being caused in "D” sand because of high 
withdrawal rates makes this sand appear as a thief zone in 
the upper part of the reservoir. This is the case of well 
AS-22, where ”A” and ”B” sands are dripping out into the 
wellbore and of wells AS-2 and AS-10. The possibility 
exists that the actual volumes being taken by the ”D” sand 
in those wells could be greater than those calculated by the 
model (10-15 BOPD/well).
Prediction Case 2 showed that the estimated injection 
volume for each sand obtained from equating it to the 
initial production rate in analogous wells was not enough to 
have a good pressure response of the reservoir. Pressure 
maps as of 12-31-91 are presented in Figures 77 through 81.
ER-2760 131
O i*>
•  • • • * • • • • • • •
m m
9 • • • • • • • • • • « •
*  ^ OjN^onx/tN/14
—« .r^ 1 <0 >4 H >4 «4UJ 1
• • « • • • • • * » # • •jt i m » * «4?> c-*'CO>-4«‘ Cm*»^ *r> •4** r̂ m •£ »ô» ® X O '"u *nj3 1 <£ *•»*«* 0-4 .4 -4-*,->•4-1ut |
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A much better response, in terms of pressure, was 
obtained when the inital injection rate for the field was 
increased from ^,750 to 8,570 BWPD (Prediction Case 3)* 
Prediction Case 3 also showed that "D” sand was still below 
its optimum injection rate and that there was need for one 
more injector for ”AM and "B” sands on the eastern flank of 
the reservoir (there was not a good areal coverage of the 
injection pattern in Case 2).
In analyzing results from Case 3> it was thought that 
creating a flooding front in the upper part of the 
reservoir would improve results. The objective was to keep 
the flooding front in the lower part of the reservoir from 
traveling long distances, and allow the oil banks, coming 
from different directions, to be produced through the wells 
in the central part of the field.
With this in mind, updip and downdip injection were 
implemented in Prediction Case 4. Results obtained showed 
even better response, in terms of pressure response and in 
terms of the areal coverage of the flooding front, than 
those observed in previous cases, but the cumulative oil 
production was almost the same for all cases ( the oil 
saturations hardly changed). The fact that despite the well- 
formed oil banks the cumulative oil production, as of 12-31- 
91, did not increase, suggested that there was not enough 
productive capacity to produce the oil banks. So* six new
ER-2760 137
producers were located in areas not being drained by the 
already existing wells for Prediction Case 5. As was
expected, a good response, in terms of oil production, was 
achieved and the cumulative oil production as of 12-31-91 
went from 6,704 MSTB to 9,590 MSTB (4% of 00IP additional 
recovery). The oil saturation maps as of 12-31-91 presented 
in Figures 82 through 86 show a nice sweeping action for 
this prediction case. From these maps, it can be seen that 
a small region with oil saturation greater than 50% still 
exists. This is caused by the low productivity of the 
nearby wells and the production of this oil will be just a 
matter of time.
Pressure maps, as of 12-31-91, are presented in Figures 
87 through 91 to illustrate the very consistent pressure 
levels attained in each one of the five sands. A production 
forecast from Prediction Case 5 (optimum case) is presented 
in Table 11.
Since updip injection was definitely a big improvement 
for "D" sand, the last prediction case was directed at 
seeing what would be the effect if updip injection for "A”, 
"B" and "C" sands were not implemented. Results showed that 
the cumulative oil production, as of 12-31-91 was 864 MSTB 
(1.2% of 00IP), less than in Prediction Case 5, and that the 
cumulative injected water figures were almost the same. 
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OPTIMUM CASE (PREDICTION CASE 5)
TERR RV. OIL CUHUL. 
RATE OIL
(B/D)
FLOOO RV. HRT RV. INJ CUHUL.
RECOV. RATE RATE INJECT















































































































12-31-91 for every prediction case are presented in Table
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TABLE 12
SUMMARY OF ESTIMATED RECOVERY AS OF 12-31- 
ON SAND-BY-SAND BASIS
SRNO CRSE 1 CRSE 2 CRSE 3 CRSE 4 CRSE 5
(MHSTB) (MHSTB) (MHSTB) (MHSTB) (HHSTB)
R 0.568 1.027 0.814 0.936 1.837
8 0.848 1.488 1.385 1.452 2.385
C 0.473 0.718 0.742 0.634 0.912
0 1.689 2.583 3.032 3.136 3.904
E
M















1. Ultimate primary recovery is expected to be low. 3*85 
MMSTB (5.4% of OOIP) are expected to be produced by the 
natural production mechanism as of 12-31-91.
2. Very little or no support is being given to the 
reservoir by the underlying water-bearing zones.
3. The production of water is believed to be caused by 
saturation changes aggravated by the adverse 
characteristics of the water-oil relative permeability 
curves, rather than by water encroachment.
4. The reservoir as a whole is undergoing differential 
depletion and "D" sand is taking fluid from the other 
sands in Wells AS-10, AS-2 and AS-22.
5. The optimum case indicated that an additional 5.74 MMSTB 
(8% of OOIP) as of 12-31-91 can be recovered by 
waterflooding the reservoir from both ends implementing 
peripheral line drive patterns.
6. If waterflooding is to be implemented, the total 
lifting capacity of the field should be increased, i.e. 
bigger pumping units should be used.
7. Regardless of which secondary recovery method is to be 
implemented, more producing capacity should be given to 
the field by infill drilling.
ER-2760 152
RECOMMENDATIONS
Develop injection capacity to meet the requirements of 
the optimum case (Case 5), in terms of injection 
volumes.
Develop additional production capacity.
Other secondary recovery processes shall be considered 
and studied to determine if the ultimate recovery from 
the optimum case can be improved. Polymer injection (to 
overcome the unfavorable mobility ratio) and/or miscible 
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APPENDIX A
COMPUTER ROUTINE AND CALCULATION EXAMPLE
OF
TRACY ET AL METHOD
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00-010 00.12? 00031' 0?P4? 00?5v! 
0u?6? 00070 00P8P 



















THIS PROGRAM LN SHUT IN TI WELL TFSTING THE APPROACH IS APPLIED TO THIS IS THE C RESULTS FROM THE BEST FITT DTKENS ION DIMENSION REAL NP TYPE 10 FORMAT(2X ACCEPT15, TYPE 7? FORMAT(2 X 1 TIME DA ACCEPT15/ 1YPE 27 
FORMATC2X IF ROM THE ACCEPT*,! TYPE*,(A( TYPE 80 FORMAT C2X 1 TIME DA ACCEPT15, TYPE 30 FORMAT(2X 1FROM THE 
ACCEPT*
CALCULATES THE DATA NEEDED TO MAKE PWS .VS.MF AND PWS .VS.LOG TP+DT/DT PLOTS USED IN ANALYSTS.
RECOMMENDED BY TRACY FT AL. FOR EARLY DATA PUMPING wELLS USING FLUID LEVEL MEASUREMENTS.ASE OF MULTILAYERED AND LOW PRODUCTIVITY WELLS. PROGRAM RUP1.FOR ARE PLOTTED AND THE EQUATION OF INC. LINE IS USED IN THIS PROGRAM DFLT(O:5P),FL(?:5v'),faHP(?:53)/TDT(?:50)/DPC(?:50) 
A(10)/3(10)/DT(2)/R§IP(2)/HFL(2)
'ENTER TOTAL SHUT IN TIME,HRS(INTEGER)')
TYPE*, (TYPE 37 FORMAT(2X ACCEPT 45,, TYPE 35 FORMAT!2X ACCEPT 45, TYPE 5? FOPMATC2X ACCEPT45, TYPE 40 
FORMAT(2X ACCEPT45,
ft
,'ENTER POLYNOMIAL ORDER USED IN FITTING FL .VS.TA')K
,'ENTER COEFFICIENTS FOR FLUID LEVEL .VS.TIME CURVE, EQUATION FOR THE BEST FITTED CURVE')A(I),1 = 1,K + l )
I),1 = 1,K + l)
, 'ENTER POLYNOMIAL ORDER USED IN FITTING BHP .VS. 
TA')KK
,'ENTER COEFFICIENTS FOR PRESSURE .VS. TIME CURVE, EQUATION FOR THE BEST FITTED CURVE')B(I),1=1,Kh> 1)I),I=1,K^1)
,'ENTER PRODUCTION RATE,BBLS OF FLUID PER DAY')QT
RENTER CUMULATIVE PRODUCTION ,BBLS' )
,'ENTER BSW/FRACTIONAL')BSW
^'ENTER TUBING-CASING ANNULUS CAPACITY,BBL/FT ' )
.CONVERT DAILY RATE TO FLUID RISING VELOCITY IN THE ANNULUS
Q = GT/(24.*C AP) QO=QT*(1.-BSW) ■■ ■1 = '*NN 3 * N
CALCULATE FLUID LEVELS AND BHP FOR GIVEN TIMES. 







0820008300 C08400 C08500 C08600 C08700
0880008900
09000091000920009300 c09400 c0950? c09600 C09700098000990010003101001020010300104001050?1060010700
10800
T4=T3+A(5 T5=T4+A(6 T6 = T5+ A(7 T7=T6+Aib T8 = T7+-Ai9 T9=T9+A(1 
1FIK.EQ.2 IF ( K.L Q. 3 
IFCK.EQ.4 IF(K .EQ.5 IF(K.tQ.6 IF(K.EQ.7 IF(K.EQ.8 IF(K.EQ.9 IF(FL(L
)*ULLT(L))*DLLT(L)
* * 8 .
BHF(L)=B( -‘=B(3)*n T3=T2+B''T2
LT.FL(L-11)+B(2)*D!ELT(L)**2,
♦ T2♦ T3♦ T.4♦ T5 + T6♦ T7♦ T8 
-,*79)FL(L )=FL(L-1) LT(L)
11
T4=T3+B T5=T4+B T6=T5+3 T7=T6*B T8=T7*3 
T9=T8+B(1 IF(KK.EQ. 
I F ( KK . E Q .
IF(KK.EQ. IF(KK.EQ. IF C KK.EQ. IF(KK.EQ• IF(KK,EQ. IF CKK.EQ. IF(BHP(L ) 
CONTINUE
DLLT DELT ♦CELT *DELT *PELT *DELT *DELT( B HP(L' BHP 
BHP BHP BHP BHP 8) B H P 9 ) B HP






9.L ) +T2 L) +T3 L) + T4 L ) +T5 L)+T6 LWT7 





.READ BOTTOM HOLE PRESSURE AND HEIGHT OF F.L. AT THE BEGINNING OF SHUT IN FROM FIELD DATA 
READ(31/*K(DT(I),BSIP(I))/I = 1/1)READ(32/*H(DT(I)/BFL(I) ), 1=1,1)WR ITE( 6, 4i!3jFORMAT(2X,'HEIGHT OF THE FLUID COLUMN AND BHP AT THE 1 BEGINNING OF BUILDUP')TYPE*,BFL<1),BSIP(1)
CALCULATE CORRECTED BHP









252 WRITE!6,252)FORM AT(IX,********************************************* *̂****************************************************'
DO 21 J = 1/NNTUT(J)=(TP+DELT(J))/DELT(J)lF(J.tQ«l)FL(J-l)=BFL(l)
RTSE=!FL(J)-FL(J-1))/(DFLT(J)-DELT(J- Q0GN=Q-R1SE RATIC=Q/QONN 
. DP = BHP(J)-bSIP(l)DPC(J)=RATIO*DP IF!J.LE.2)GJ TO 211IF(DPC! J).LT.DPC(J-1))DPC(J)=DPC(J-1) 211 CONTINUECC......WRITE TABLE AT THE TERMINALC
1))
WR1TE(6/20O)J<DELT(J)/FL(J)/BHP(J),RISE,QOQN/RATIO,DP/ 1DPC!J),TDT(J)21 CONTINUE
  WRITE PLOTTING FILE
DO 31 1=1/NNDFLT!I)=DELT!I)*60.WR1TF! 33, 32IU )DELT(I),DPC!I)WRITE(34/3?0)TDT(I)/DPC(1)CONTINUE FORMAT!14)


















94486 99331 65774 ^6 7 in- 4 19 70619
.5148514 841912277132003627964942570078448844867 5 06056
INPUT DATA
SHUT-IN TIME (HRS)
0.0030000 8.308000E-02 0.167 v> 300 0.2500000 0.3303003 
0.41700 05 0.5000000 0.7500000 1.000003 1.417003 2.000000 2.417000 2. 9330k>0 3.500000 4.0020005.000000 6.0000057.0000008.000000 9.000000
K*T*
FLUID LEVEL ABOVE M I'D-PERF • (FT)
. ■5 J ".0000
.0002 .0000 .0000 . 2: • ■ .0! V<* .PsW
.0200 .0000 .0002 • 0 0 0 0 .0080 .0002
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Besides the visual inspection of the electric logs for 
correlation purposes, cross plots displaying the percentage 
frequency of occurence of points (frequency histograms) from 
Neutron Porosity and Bulk Density curves were used. An 
example of these cross plots is presented in Figures B1 and 
B2. Each interval (sand) had its frequency histogram of 
Neutron Porosity and Bulk Density throughout the entire 
field. This technique proved to be very helpful whenever 
correlation by conventional methods was in doubt.
QUALITY CONTROL
It was observed that one sand ("B" sand) was showing 
consistent response for the Neutron-Density tool in several 
wells and that the borehole was usually to gauge. So, 
taking advantage of the fact that plots of frequency 
histograms versus apparent porosity and bulk density, were 
available for each sand from the log correlation step, a 
comparison of log responses from well to well was made for 
judging log quality. By doing this, Neutron Porosity and 
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ELABORATION OF CROSS-PLOTS USING RAW DATA
This is the starting point of the log interpretation 
process. Four different cross-plots are made by the program 
by calling the subroutine MAIN. These cross-plots are:
1. Neutron porosity vs. Density porosity
2. Neutron porosity vs. Bulk density
3. Gamma ray vs. Neutron porosity-Density porosity
4. Gamma ray vs. Deep induction
The data used herein are log readings without any 
correction. In this section, the log analyst can pick the 
clean formation and shale parameters needed later on, out 
of the screen terminal as the plots are being generated by 
the program. Since it is accepted that sometimes bad data 
have to be used in log interpretation, the cross-plotting 
routine has the capability for telling the log analyst which 
points are considered bad data. To do that, a 
discrimination scale from 1 to 9, based on caliper readings 
and bulk density correction is implemented and the 
discrimination number for a given point (9 being the worst 
data) is printed with a tilting angle of 45° while the 
frequency number--good data--is printed with no tilting 
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GAMMA RAY BOREHOLE CORRECTION
Since the materials interposed between the counter and 
the formation absorb gamma rays, the gamma ray deflections 
as observed in the log are a function not only of the 
radioactivity and density of the formations, but also of 
hole conditions such as hole diameter, mud weight, etc. 
Therefore, for different borehole conditions, corrections 
have to be made in order to determine the readings which 
would correspond to the true radioactivity. The program 
makes the necessary corrections by using the equations on 
page 87 of the log interpretation charts by Dresser Atlas 
Industries(18) implemented in subroutine GRCOR. Those 
equations are:
N'gr - Ngr * A * 10x
Where:
N’gr = corrected gamma ray response (API units)
Ngr = measured gamma ray response (API units)
1 for 3-5/8 in. diameter instrument
A =
1.05 for 3-7/8 in. diameter instrument
0.95 for 2 in. diameter instrument
0.92 for 1-11/16 in. diameter instrument




dbh = Borehole diameter (inches) 
dinSt = Instrument diameter (inches)
RHOm = Mud density (lb/gal)
K = 16, instrument centered 
K = 20, instrument uncentered
COMPENSATED NEUTRON LOG (CNL*) CORRECTIONS
Although the CNL* (trademark of Schlumberger) tool is 
designed to minimize the effects of borehole conditions,
i.e. hole size, mud cake, etc., corrections are needed when 
departures from the standard conditions at which it is 
calibrated exist. These corrections are implemented in 
subroutine CNCOR. Since the readings of all neutron logs 
are affected to some extent by the lithology of the matrix 
rock, the program corrects CNL* readings using the following 
relationships:
CCNL = CNL
When sandstone matrix is used in the log 
CCNL = CNL + 0.04
When limestone matrix is used in log
Where:
CCNL = corrected neutron porosity, fraction 
CNL = neutron porosity from the log, fraction
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Borehole size effects are corrected by using the equations 
on page 24 of the Dresser Atlas Chart Book(19). If the 
borehole size is less than the bit size, a mud cake 
correction is made along with the borehole size correction. 
In doing this, the program uses the equation on page 24 of 
the Dresser Atlas Chart Book(20).









P0Rcorr = (0.825)0-25 * PORapp » (hmc)°-735 . (PORapp -
0.225) * 0.25 + P0Rapp 
Where: P0Rcorr = corrected porosity, percentage
P0Rapp = observed porosity from the log,
percentage 
hmc = Mud cake thickness, inches
Equation Applied
PORcorr = 1.057 * P0Rapp
P0Rcorr = 1.054 * P0Rapp
P0Rapp = P0RCorr
PORCorr = 0.965 * P0Rapp
P0RCorr = 0.925 * PORapp
P O R ^ ^  cor r = 0.902 * P0Rapp
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When the actual borehole size }s between two borehole 
sizes for which equations are given, the program 
interpolates linearly to come up with the borehole size 
correction. Mud cake correction is made when the 
differential caliper is a negative number and its absolute 
value is taken as the mud cake thickness.
SHALE VOLUME CALCULATION
If the presence of shale in a formation is not 
accounted for,it will result in overly optimistic values of 
neutron or acoustic-derived porosities. Porosity as 
calculated from the density tool will be too low when the 
shale density is greater than the clean matrix density, but 
too high if the shale density is smaller than the clean 
matrix density.
Two shale indicators are used by the program to 
calculate the fractional shale volume in the formation by 
calling the subroutine VOLSH. The fact that there are no 
clean formations throughout the field precludes the use of 
additional shale indicators, i.e. resistivity, SP curve, 
since they require clean formation parameters.
The two shale indicators are the gamma ray log and the 
neutron-density cross plots. The program selects the 
minimum value of the shale volumes computed as the final 
shale content estimate. Shale volumes are computed using
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the following approach:
1. The neutron porosity vs.density porosity and 
neutron porosity vs. bulk density cross plots made at 
the first part of the program are used to pick up the 
shale point coordinates and matrix point coordinates to 
calculate volume of shale and effective porosity 
corrected for shaliness on a level-by-level basis 
following the mathematical approach as outlined by Wu 
and Krudwig(21).
2. Assuming that the gamma ray responses and shale 
volumes follow a linear relationship, a shale index as 
defined by the following equation is calculated on a 
level-by-level basis.
^sh = (GRiog - GRc i )/(GRsft - GRq )̂
Where:
GRiog = Corrected gamma ray readings, API units 
GRci = Gamma ray reading in clean formation, API 
units
Although there were no clean formations, the gamma ray 
reading for a clean formation was determined by 
extrapolating an established trend in the neutron 
porosity-density porosity vs. gamma ray crossplot to 
the point where neutron porosity equals density 
porosity. Since most of the time a definite trend 
could be established, the above-mentioned approach was
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considered to be reliable. See Figure B7.
3. At this point, the program calls the plotting 
routine VIEW to check the shale volumes as calculated 
from gamma ray responses and from neutron-density cross 
plot for the interval being analyzed.
The check is made by plotting the volume of shale from 
gamma ray versus the volume of shale from neutron-density 
cross plot in normal coordinates. (See Figure B8.) In doing 
this, three possibilities arise:
1. The volume of shale from neutron-density cross plot 
is consistently greater than that from gamma ray.
2. The volume of shale from gamma ray is consistently 
greater than that from neutron-density cross plot.
3. Both volumes of shale fall in a region following a 
45-degree line.
The latter is the condition when things seem to agree. 
The first two conditions indicate that something is wrong. 
It may mean that a wrong shale point was selected or that 
shale volume and gamma ray do not follow a linear 
relationship. The program, while it is being executed, has 
the flexibility for changing the shale point or establishing 
a non-linear relationship between shale volume and gamma ray 
response until condition 3 is met. See Figure B8. This can 



















































































density log. At this point, the minimum value for shale 
volume at each level is considered to be the most 
representative.
When shale volume from gamma ray is less than shale 
volume from neutron-density cross plot, the value of 
porosity for that given point is corrected by implementing 
the procedure recommended by Don Davis(22).
QUANTITATIVE DETERMINATION OF SHALE TYPES
After obtaining V by either of the two methods 
previously described, the volumes of the three different 
types of shale, dispersed, laminar, and structural, 
expressed as fractions of the bulk volume are calculated 
following the approach suggested by Gobran et al(23). This 
section of the program is called the comprehensive model as 
suggested by its authors. The highlights of the method may 
be summarized as follows:
1. The three amounts of shale types must satisfy a volume- 
balance equation
Vsh = Vd ♦ Vj + Vs
Where:
Vs  ̂ = Bulk volume of shale 
Vd = Dispersed shale volume 
= Laminar shale volume
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Vs = Structural shale volume
2. The dispersed shale line in Figure B9 is described 
by the following equation:
POR = -Vsh + POR sd
Where:
Vsh “ vd
P 0 R s d = Maximum porosity when there is no 
dispersed shale, fraction.
3. The limiting envelope for the possible combinations of 
structural and laminar shales may be approximated by
POR = PORsd * Vsh **3 - 2*P0Rsd*VSH**2 + PORsd 
Where Vsh = Vs + Vx 
The representation of this envelope is called the structural 
+ laminar shale line and is shown in Figure B9 as the S + 
L line.
4. Since laminar shale takes the place of both pore space 
and sand grains, the describing equation for line L, the 
laminar shale line in Figure B9, is given by:
POR = PORsd*Vsh + PORsd
Where:
^sh = ^1
Two displacements along or parallel to the three lines 
previously defined are made for calculating the amounts of 
the three types of shale.
The program defines the three previously defined lines
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for the interval being analyzed and makes the first 
displacement along a line parallel to the dispersed shale 
line to calculate the structural plus laminar shale volumes 
by eliminating the associated dispersed shale volume. The 
amount of dispersed shale can then be found by:
Vd = vsh - <VL ♦ Vs)
The second displacement is done along a constant 
porosity line based on the fact that structural shale 
occupies part of the space that sand grains would otherwise 
occupy. The intersection of the constant porosity line with 
the laminar shale line defines the laminar shale volume. 
The volume of structural shale can then be calculated by 
difference without violating the volume-balance equation.
The amounts of the three types of shale as calculated 
from this routine will serve, later on, to trigger the 
option to be used in calculating the water saturation 
depending on the predominant type of shale in a given level.
FORMATION WATER RESISTIVITY CALCULATION
Since the reservoir consists of five different sands, 
and reliable water resistivity figures from the lab were not 
available, the program calculates apparent water resistivity 
for the interval being analyzed using three different 
approaches as follows:
1. RW from SP curve.
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Although it is known that in very shaly 
formations, the SP curve usually has no meaning because 
it is strongly affected by the amount of shale in the 
formation. The program calculates an approximation of 
what would be the static spontaneous potential (SSP) 
value from the following equation:
SSP = PSP/(1. - Vshavg)
Where:
PSP : Pseudo-spontaneous potential as read from
the log, millivolts.
VShavg * Average volume of shale for the zone 
being analyzed, fraction.
Once the approximated SSP is calculated, the 
approach as recommended by Bateman and Konen(24) is 
used to calculate the resistivity and salinity of the 
formation water. Because of the high shaliness of the 
formations, this value of formation water resistivity 
is used only for comparison purposes.
2. RW for a dispersed shale model.
An apparent water resistivity is calculated using 
the following equation as recommended by Dresser Atlas 
in the Prolog* (Trade name for their computerized log 
interpretation system) Wellsite Analysis Book(25):
RWA = RT * (P0R**2 + POR*A#Vsh)/0.81
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Where:
RWA = Apparent water resistivity, Ohm-m 
RT = True resistivity from deep induction 
tool, Ohm - m 
POR = Effective porosity, fraction 
A = (Shale neutron porosity - Shale density 
porosity), fraction 
VSh = Shale volume, fraction 
3 . Conventional RWA approach.
The third approach, which is considered as the 
final check for the most representative value of the 
water resistivity for the interval being analyzed, uses 
values of apparent water resistivity (RWA) plotted 
against normalized gamma ray values on a level-by-level 
basis.
The program, while being executed, calls the plotting 
routine VIEW to make the RWA vs. Normalized Gamma Ray plot 
allowing the log analyst to select an average value for the 
minimum RWA, taking advantage of the fact that in this kind 
of plot, water-bearing, oil-bearing and shaly zones are 
quite well differentiated. An example of this plot is 
presented in Figure B10.
RWA and normalized gamma ray are defined as follows:
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RT = true resistivity from deep induction tool, 
Ohm - m
POR = porosity value as read from neutron log, 
fraction
Since shale has opposite effects on resistivity and 
neutron logs, they are expected to be self-compensating so 
the values of RWA are considered as a good working 
approximation.
Normalized gamma ray is defined as the product of bulk 
density, gm/cc, and gamma ray value as read from logs.
POROSITY CALCULATION
The effective porosity is calculated using two 
different approaches:
1. Effective Porosity from Neutron-Density cross plot.
Once the shale point and the clean matrix point 
are defined in neutron-density cross plots, porosity 
is calculated following the approach suggested by Wu 
and Krudwig (26). This calculation is implemented 
in subroutine XPLOT.
2. Effective porosity from the ’’Modified” Fertl Model.
A modification of the Fertl model for shaly sand as 
recommended by Linares Flohez and Garza de la 
Garza((27) is used to calculate effective porosity 
values.
ER-2760 189
In this method a formation factor value is 
calculated for each level using porosity figures 
from the neutron log. Then, new values for the 
coefficient a, and the exponent m are calculated 
taking into account the amount of shale present at 
that given level. The new a and m values are used to 
calculate a shale-corrected value for porosity. The 
method is implemented in subroutine FERTL.
The equations used in this method are:
FZ = 0.81/P0Rn**2 
A 1 = PORNsh - PORDsh
C1 = AA * LOG(PORd + A1 « Vsh) + LOG(FZ)
C2 = 1 + B * LOG (PORd + A1 * Vsh) 
a = 10**(C1/C2)
m = log (a/FZ)/log (P0Rd + A1 * VSH)
POR = (a/FZ)**1/m
Where:
FZ = Formation factor 
AA = 1.8 
B = 1.29
P0Rd = porosity value from density log, 
fraction
P0Rnsh= porosity for pure shale from neutron 
log, fraction 
PORdsh = porosity for pure shale from density
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log, fraction 
VSh = shale volume, fraction 
a = constant 
m = cementation factor
POR = shale corrected porosity, fraction
Porosities as calculated from Method 1 are used in the 
Simandoux Models and Indonesian Equation for calculating 
water saturations. Porosities as calculated from Method 2 
are used in the modified FERTL Model, subroutine FERTL, for 
shaly sands when calculating water saturations.
WATER SATURATION CALCULATION
Five different options for calculating water 
saturations are implemented in the program in subroutines 
FERTL, SIMAN and INDON. These are the Simandoux models for 
total and laminar shale, the dispersed clay model, the 
Empirical Equation from Schlumberger called "the Indonesian 
Equation” and the "modified” FERTL model.
Each option is activated by the program to calculate 
water saturation at each level except the dispersed and 
laminar shale models, which are activated depending on which 
one is the predominant type of shale as calculated from the 
"Comprehensive Model".
The equations involving water saturation calculation in 
each option are:
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1. Simandoux total shale model 
1/RT =(P0Re*«2)/(a*RW)* SW*#2 + Vsh/Rsh * SW 
Where:
RT = True resistivity from the deep induction 
tool, Ohm - m 
P0Re = effective porosity, fraction 
a = constant
RW = formation water resistivity, Ohm - m 
Vsh = shale volume, fraction 
Rg^ = shale resistivity, Ohm - m 
SW = Water saturation, fraction
2. Simandoux laminar model
1/RT = (P0Re*#2)/(a * RW * (1-Vsh)) * SW**2 +
Vsh'Ksh *SW
Where all terms are defined in the previous 
equation
3. Dispersed clay model
SW = SQRT ((FZ * RW/RT) * (Q/2 * (1-RW/RCL)**2) - Q/2 * 
(1+RW/RCL))/(1-Q)
Where:
Q = 1 - PORd/PORn = 1 - PORe/PORz 
RCL = 0.5 * Rsh
Q = Fraction of pore space containing clay 
RCL = clay resistivity
FZ = formation factor based on total pore
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space, clay and fluid filled 
PORe = effective porosity, fraction 
PORz = total porosity, fraction 
P0Rd = density porosity, fraction 
PORn = neutron porosity, fraction
4. The Indonesian Equation (28)
It is an empirical relationship made possible from 
a study of computer cross plots done by Schlumberger 
in several Indonesian fields. It is supposed to give 
much better results than the other shaly-sand models, 
especially for clay contents in the range of 30% to 
70%. '




POR = effective porosit'y, fraction
VCL = Clay volume, fraction
RCL = clay resistivity, fraction
a,m = Archie’s constants
SW = Water saturation, fraction
This type of relationship, between RT and SW 
implies that the conductivity of the formation is made 
up of two terms involving conductivity of formation 
water and clay networks and one term representing the
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additional conductivity resulting from the cross- 
linkage of these two networks. This equation is 
implemented in subroutine INDON.
5. "Modified” FERTL Model
In this model, the relationship as recommended by 
Dresser Atlas in their Prolog Wellsite Analysis(29) and 
the approach suggested by Linares Florez and Garza de 
la Garza(30) are combined to come up with the 
"Modified" FERTL Model suitable for application in the 
Andalucia Sur Field.
The calculation sequence of the method is as 
follows:
5.1. Archie’s Constants are calculated by: 
LOG a = (A L0G(P0Rd + a1 Vsh)
+ LOG FZ)/( 1 + B * LOG(PORd 
+ 81 * Vsh)) 





P0Rd = porosity density, fraction 
a1 - PO^nsh - P0R<jsh = P0Rnsj1 - (RHOm 
(RH0sh)/(RH0m-RH0f)
VSh = Shale volume, fraction 
RHOm = matrix density, gm/cc
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RHOf = fluid density, gm/cc 
RHOsh = shale density, gm/cc 
FZ = 0.81/PORn#*2
5.2. Shale-corrected porosity is calculated by 
PORe = (a/FZ)**(1/m) - Vsh * a1 
Where:
PORe = shale-corrected porosity,
fraction
All other parameters have been defined 
previously.
5.3* The resistivity of the formation water is 
c a l c u l a t e d  by the f o l l o w i n g  RWA 
relationship:
RWA = (RT * PORe**m + PORe * a1 * Vsh)/a 
The minimum absolute value so calculated is 
assumed to be the most representative value of 
formation water resistivity for the interval being 
analyzed if the log analyst decides to use it 
instead of the other two calculation options 
activated in the program.
5.4. Formation water salinity is calculated 
following the approach recommended by Konen and 
Bateman(31) •
5.5 Water saturation is calculated by:
SW = ((a* RW/RT + (a1 * Vsh/2)**m) * (1/m) -
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(81 * Vsh/2))/P0Re 
Where all variables have been defined before. 
In all active options for calculating water saturation, 
the final figure for water saturation of the interval being 
analyzed is a weighted average excluding the shale levels.
PERMEABILITY INDEX CALCULATION
The program calculates the permeability index on a 
level-by-level basis following the approach suggested by 
Coates and Dumanoir(32) by calling the subroutine PINDEX.
The calculating sequence in the routine can be 
summarized as follows:
1. True resistivity from deep induction log is 
corrected for hydrocarbon density when appreciable 
different from 0.8 gm/cc, by:
RTcorr/RTlog = -°77 + 1.55RH0h - .627RH0h««2
R7corr R7corr7R^log^ *R^log
Where:
RHO^ = hydrocarbon density, gm/cc
2. Determines whether the formation is at its 
"irreducible” water saturation level or not
2.1 Determines the average and minimum values of
(RW/Rt) using log readings.
2.2 D et e rm i ne s  the value of m u lt i pl i e r
ER-2760 196
corresponding to (RW/Rt) minimum, according to 
Table B1. This multiplier indicates the spread of 
(RW/Rt) values tolerated if the reservoir is 
considered to be at SWirr.
2.3 Multiplies (RW/Rt) minimum by the multiplier 
to find (RW/Rt) maximum.
2.4 If ( R W / R t ) a v e r a g e  less than or equal to 
( R W / R t ) m , the zone is considered to be at
SW,-- lr r
3. If the formation is at its SW^rr, then:
3.1.1 Determines W from:
W**2 = 3.75 - POR + (log(RW/RT) + 2.2)«*2/2
3.1.2. Defines SW = SW^rr for each level
3.1.3* Calculates permeability Indexes by 
SQRT(K) =(C/W««4) * (POR/SWirr) * W 
Where:
C = 23 + 465 * RHOh - 188 RH0h**2
If the formation is not at its SW^rr then:
3.2.1 Determines W from
W**2 r 3.75 - POR + (log(RW/Rt) + 2.2) **2/2
3.2.2 Calculates (POR * SW^rr) from
(POR » SWirr = (RW/Rt) = 10_6/(G*(RHOg-2.6)) 
Where:
RHOg r Matrix or grain density, gm/cc 





GREATER THAN 0.03 1.1
0.02 - 0.03 1.3
0.012 - 0.02 1.75
0.007 0.012 2.5
0.003 - 0.007 3.0
0.001 - 0.003 3.5
0.0001 - 0.001 U.O






lithology of the formation being 
analyzed. (1.0 for shaly sands.)
3.2.3 Calculates (RW/RT^rr) from:
RW/RTirr = (RW * Vsh)/(P0R * Rsh)# (P0R*
SWirr)+(P0R*SWirr)**W/
((1-Vsh)**(W-1))
3.2.4. Calculates a new value for W using the
(RW/Rtirr) just calculated 
W**2 = 3.75 - POR + (log(RW/RTirr) + 2.2) 
* * 2/2
3.2.5. Calculates permeability indexes by 
SQRT(K) = C/W**4 ((P0R**(2*W))/(RW/RTirr)) 
Where:
C = 23 + 465*RHOh - 188 * RH0h**2
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COMPUTER PROGRAM USEO FOR LOC INTERPRETATION
CMMMM MMMMMMMMMMMNMHMHMMMMMMMMHMMMMMMMMMNMMMMMMMNMMMMNMMMMMMMMMMMMMNMM
c
C...THI3 PROGRAM CALCULATES FORMATION PARAHETERS-SU.A.M.VSH.POR. ETC.- 
C...USING 5 DIFFERENT APPROACHS.
C...IT IS INTENDED TO BE APPLIED IN THE LOC INTERPRETATION OF THE 
C...FIELO "ANOALUCIA SUR" LOCATED IN COLOMBIA.SOUTH AMERICA.
C...THE HIGHLIGHTS OF THIS FIELD HAT SUMMARIZED AS DIRTT SANO-SHALES 
C...SEQUENCES WITH A RATHER CONFUSING LOG RESPONSES DUE TO LIKELY 
C...MISCAL(BRAT[ON OF THE TOOLS OR TO THE DIFFICULTY IN DETERMINING
c ...the true hater resistivity for each sand in the field.
C...GOOD CORE DATA IS NOT AVAILABLE TO BE USED AS AN AIO IN CRLIBRA- 
C...TING TOOL RESPONSES.
C





ICNL(300).D EN (300).D RHO(300).DCAL(300).G R C (300).V S H (300).
2P0RXP(300),O G A (300).0(300).FT (300).RMF1300).A (300).M (300).
3P0RF (300).AHA (300).SHF (300).S H T (300).S HL (300).S H D (300).S ARH(300) 
DIMENSION SHI N O (300).VSHGR(300).VSHXP(300)
DIMENSION SHTSH(300).S H (300).PERMI(300).RATI0(300)
DIMENSION X (302)•Y (302).XT(T L (5)•YTITL15)














PRINT-,"ENTER FACTOR FOR DELTA RHO NORMALIZATION.GM/CC*
READm .CF
PRINT-,"FOR CORRECTING GAMMA RAY READINGS FOR BOREHOLE SIZE EFFECTS.




PRINT-,"IF GR SONDE IS CENTERED ENTER 16.IF UNCENTEREO ENTER 20* 
REAOm .K
PRINT-."FOR CORRECTING CNL READINGS FOR LITHOLOGY.SANDSTONE CASE.
1ENTER MATRIX OENSITY USED IN THE LOG"
READ".DMA
PRINT-,"ENTER PSP (PSEUDO SPONT. POT.)FOR THE ZONE BEING ANAL I ZED" 
READ".PSP
PRINT-,"FOR VOLUME OF SHALE CALCULATIONS.ENTER THE FOLLOHING DATA FROM 
1CR0SS-PL0T ANALYSIS *
PRINT-,"ENTER NEUTRON POROS..FRACT..AND DENSITY POROS..FRACT..FOR THE 
1SHALE POINT*
READx.CPSH.DSH
PRINT-,"ENTER BULK DENSITY OF THE SHALE.GM/CC"
REAOm .OESH
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PRINTm ,-enter GAMMA RAY READINGS FOR CLEAN 5RH0 AND PURE SHALE* 
READm,GRCLN.GRSH
PRINTn ,-ENTER RESISTIVITY OF THE SHALE*
READm r s h
PRINTm ,-FOR CRLCULRTING POROSITY FROH OENSITY,ENTER FLUID OENSITY* 
RERDm .DFLPRINTm ,-ENTER DEPTHS FOR THE TOP AND THE BOTTOH OF THE FORHRTION 
1BEING ANALYSED* ^
READm .TOP.BOT
PRINTm ,-ENTER FLUID L0SS.CC/30 HIN.*
READm ,FLOSSPRINTm ,-ENTER FILTRATE RESISTIVITY ANO MEASURED TEMP,- 
READm .RHFH.TRHF
PRINTm ,-ENTER BOTTOH HOLE TEMP..TOTAL DEPTH AND SURFACE TEMP.* 
READm ,BHT.TO.TSURF
C
CC....SNITCHES FOR SELECTING THE SHALE INDICATOR AND HATER RESISTIVITY.
C
C PRINTm ,-d o  YOU HANT TO USE GAMMA RAY AS SHALE INDICATOR?






















198 FORMAT(//10X,*H E L L  O A T H * )
199 FORMAT(IX,-m m m m m m m m m m m m m m n m m m m m h m m m m m m k m m m m m m m m m m m m m m n m m m n m m m m n m *)
201 FORMAT(/3X.*HELL ANOALUCIA SUR--.IX.13)
235 FORMAT (/3X,*TOP OF ZONE ■*.F8.2.2X.*FT*.3X.*B0T0H OF ZONE ■*. 
1F8.2.2X.-FT*)
202 FORMAT(/3X.’BIT SIZE *.2X.F8.3,2X.*INCHES*)
203 FORMAT</3X,*MUD DENSITY *,2X.F6.3.2X.-PPG*)
204 FORMAT (/3X,*PSEUDO SPONT. POTENT.*.2X.F7.2.2X.*MV)
2041 FORMAT (/3X."MATRIX OENSITY USEO IN THE LOG *.2X.F8.3.*GH/CC*I
205 FORMAT (/3X.*SHALE POINT VALUE3V3X.-POROS.NEUT.--.F8.4.2X,
1-POROS. DENS.m*,F8.4)
2051 FORMAT (/3X."SHALE DENSITY (LOG) *,2X,F6.3,2X,*GM/CC*)206 FORMAT (/3X.*GR CLEAN--.F8.2.2X.*GR SHAIE«*,F8.2)
207 FORMAT (/3X.-FLUI0 LOSS *.F8.3.2X,-FLUID OENSITY -,F0.3)
208 FORMAT(/3X.-MEAS. FILTRATE RESIST. -,F8.3.-TEMPERAT.-.F0.3)
209 FORMAT(/3X.-TOTAL OEPTH -.2X.F8.2.2X.-B0TT. HOLE TEMP.-.F0.3)















READ(I.m )DU) .S N (I) ,RT (I) ,GR (I) ,CAL (I) .CNL (I) .DEN (I) .DRHO (I)
IF(EOF(11.NE.O) GO TO 11 
11-11*1
C
C  CONVERT BULK DENSITY TO POROSITY UNITS
DEN (I) -OEN (I) +CF
D E N (I> - (DNA-DENII)) / (DMA-OFL)
C



























OGA11) « (DEN (I) -PORXP (I)) - 11. - VSH 11)) / 11. -PORXP ID) *VSH (I > -3.
Q (I)-A t-VSH (1) / (OEN < I) *A I - VSH (I))
IF((D(I)-TOP).GE.0.0.AND.(BOT-O(I)).GE.O.O)GO TO 15 





HRITE (11.217) DGAV 
217 FORMAT(/SX."AVERAGE GRAIN DENSITY *.F8.S."GH/CC*)
C
C











C .... CALCULATE APPARENT HATER RESISTIVITY T0 COMPARE HITH THE






















PRINT*."FOR SH CALCULATIONS FROM StHANDOUX'S MODELS.(NOONESIAN EQUATION AND 
1COMPREHENSIVE MODEL ENTER RM AS SELECTEO BETHEEM RH FROM FERTL HOOEL ANO 
2RHA .VS. NORM. GR PLOT *
R E A D m .RH
IF(A8S(RH-RMAMIN) .LT.O.OODGO TO 00 
HRITE(U.802)
802 FORMAT(/3X,*RH FROM FERTL ROUTINE HAS USED IN SIMANDOUX*S.(NOONESIAN ANO 
1COMPREHENSIVE MODELS*)
GO TO 81 
80 HRITE(H.80I)







































200 FORMAT(5X,"HATER RESISTIVITT* ",F8.U«"0HH-N FROM M[N. RHA")
13 CONTINUE 
HRITE(V.98)
MR [ TE (V 99)
96 FORMAT (tHI .///10X,"MODIFIED FERTL M0DEL"/1X."m m n *n n m *<m *«n»««i«n *(m m m m m m m m m m m m m m m m m m m m m m x m m m m m m m m m m m m m m ")
00 30 I>1.1!
HRITE(4.100)D (I), DC AL (I) • VSH (I). Q (I), PORF (II.Ad) ,Mtl),
ISHF(I). RHA (I), FERN I (I)
30 CONTINUE
HRITE(4.240)SHAVG




HRITE(4.101)211 FORMAT(IX.'m m m n m m m m n m m m m m m m m m m m m m n m m m m h m m m m m m m m m m m m m m m m m m m ")
212 FORMAT(1HI./10X."SIMANDOUX MODELS AND (NOONESIAN EQUATION ")213 FORMAT(/IX."m m m m m m m m m m n h m m m m n m m m m m m m h m m h h n m m m m m h m m m m m m m n m m m m m ") 
DO UO (>1.11HR|TE<4.103>D<I).DCAL(I).VSH(I).Q(!).P0RXP(1),SMT(!I.
1S H D (I),S H L (I).SHINO(I)•S ARH(().SHHEAN(I).PER(N D (I)
<10 CONTINUE
HRITE (11.2111) SHAVT 
HRITE 01,2112) SHAVL 
HRITE (4.243) SHAVD 
HRITE 01,21111) SHAVlN 
HRITE (4.2115) SNMAV
241 FORMAT(////10X."AVERAGE HATER SAT. FROM TOTAL SHALE HOOEL >". 
IF7.3)
242 FORMAT(/(OX,"AVERAGE HATER SAT. FROM LAHIN. SHALE MODEL 
IF7.3)
243 FORMAT(/IOX."AVERAGE HATER SAT. FROM DISP. SHALE MODEL >” . 
IF7.3)
244 FORMAT(/IOX."AVERAGE HATER SAT. FROM INDONES. EO. >".F7.3)










HRITE(4.800)D (I),PORXP((),V S H (I),VDIS (I)•VLAM(11,V3TR(II.





900 FORMAT(///5X."AVERAGE HATER SATURATION >".F8.4)
950 FORMAT</5X,"AVERAGE HATER SAT. FROM TOTAL SHALE MODEL ■"•F8.V) 
STOP 
END
....SUBROUTINE FOR CORRECTING GAMMA RAT READINGS FOR BOREHOLE SIZE 
....EFFECTS USING THE EQUATIONS ON PAGE 87.CHART 7-1, "LOG 
....INTERPRETATION CHARTS* DRESSER ATLAS










...CORRECTION FOR! BOREHOLE 9IZE EFFECT 
DO 10 t-l.II
IF (DBS(30IAM-3.625) .LT.O.DA-1.
IF(ABS(SOIAM-3.67S) .LT.O. UA-t.OS 
IF(ABS(SDIAM-2.0).LT.O.I)A-0.95 
IF(ABS(SOIAM-1.6875).LT.0.1)A-0.92
X - ((CAL(I)-SOIAM)/FLOAT(K))n (0.0(17- (OHUO-6.)*0.36)-0.15(16 
CRC(I)-GR(I)-A-10--X 
10 CONTINUE
PRINT-,"GAMMA RAY CORRECTION FOR BOREHOLE SIZE HAS ACCOMPLISHED*
RETURN
ENO
....SUBROUTINE FOR CORRECTING COMPENSATED NEUTRON READINGS FOR 
.. • •LITHOL0GY EFFECTS.HUD CAKE EFFECTS AND BOREHOLE SIZE EFFECTS 
....USING THE EQUATIONS ON PAGES 2342(1,CHARTS 3-743-8A IN 
•. • •"LOG INTERPRETATION CHARTS" ORESSER ATLAS
SUBROUTINE CNCOR(DMA,CAL.DCAL.CNL,It,CNC)
DIMENSION C A L U D . O C A L U ! )  .CNL (I I) .CNC (I I)
DO 10 [■!. II
C....CORRECT ION FOR LITHOLOGY EFFECTS 
C
IF(ABS(DMA-2.65).LT.O.001)CNC(I)-CNL(I)
IF(ABS(DMA-2.71).LT.0.001)C N C (I)-CNL(I) *0. OH 
IF(DCAL(D.LT.0.) GO TO 1 
GO TO 2
C...
C....CORRECT ION FOR HUD CAKE EFFECT 
1 HMC— t.-DCALd)
C N C (I)-0.625-mO .25-CNC 11)mHMCm m O.735m (CNC(I)-0.225)-0.25*CNC(I)
C
C....CORRECT ION FOR BOREHOLE SIZE EFFECTS 
C
2 IF(CRL( 0 .GE.6.25.ANO.CAL(II.LE.7.675)GO TO 3 
IF(CAL(I) .GE. 7,875. ANO.CAL(I).LE.9,675)GO TO «
IFtCAL(I).GE.9.675.ANO.CAL(I).LE.12.25)G0 TO 5 
IF(CAL(I).GE.12.25.ANO.CAL(I).LE.Id.0) GO TO 6
3 CNCI-1.O5Hm 10O.mC N C (I)*1.5 
CNC2-100.-CNC(I)















C N C (I)•((CNC2-CNC1)-(CAL(I)-1«.)✓t.75)*CNC2 
CNC(I)-CNC(I)/100.
10 CONTINUE




C m m m m m m m m m m m m n m m m n m m m m m m m m m m m m m m m m n m m n m m m m m m m m m m m m m m n m « m m i m m m m m n m m m n n n
c 
c
C...SUBROUTINE FOR CALCULATING SHALE VOLUMES USING EQUATIONS 
C...ON PRGE Vll<"PROLOG HELLS!TE ANALYSIS" BY DRESSER ATLAS 
C...NEUTRON-DENS!TY X-PLOT AND GAHHA RAY ARE THE THO OPTIONS 
C...AVAILABLE.ONE OR BOTH AT A TINE CAN BE USED.
C




DIMENSION GRC (I (I.OENd I).CMC (I I).PORXP (I I). VSH I! I). Bill)








C....SHALE VOLUME FROM PHINEUT.-PHIDEN. X-PLOT 
C
SOO CALL XPLOT(CNSH,DSH.DEN,CMC.11.PORXP,VSHXP,OMEGA)
IF(KK.EQ.2) GO TO 2 
GO TO 16 
2 CONTINUE
PRINT-,"GR OPTION AS SHALE INDICATOR HAS BEEN DISCARDEO"
00 IS I-I.II 
VSH (II- VSHXP (I)
IF C (DU)-TOP) .GE.0.0.ANO. (BOT-OID) .GE.0.1G0 TO 0 






C....SHALE VOLUME FROM GAMMA RAY 
C
10 PRINTm ,"ENTER VSHCIN "
REAOm .VSHCIN
IF(VSHCIN.EO.O.O)GO TO 19 
RAD-10./VSHCIN




ISH- (GRC (J)-GRCLN)/ (GRSH-GRCLN)
C PRINTm ,ISH
IF(VSHCIM.EQ.O. )G0 TO 21 ARGUM-RADm n 2.- ( (ISH-XH)m m 2. 1 
IF(ARGUH.LT.0.0)ARGUM-O.0 
VSHGR(J)-YK-SQRT(RRGUH)






















PRINTm , M f CORRELATION LOOKS OK. ENTER t.IF NOT ENTER 2 *
READm .NN
IF(NN.EQ.2)G0 TO 101 
CO TO 102 
101 LL-LL-2 
II-II-2
PRINTm .-00 YOU WANT TO CHANCE SHALE POINT VALUES ?*
PRINTm ,*|F YES ENTER 1.IF NOT ENTER 2a 
READm ,HHH
IF (MHM.EQ.2)CO TO 180
P R I N T m ,-ENTER NEN SHALE POINT VALUES.NEUTRON 4 DENSITY RESPECT.* 
R E A D m ,CNSH,DSH
180 PRINTm ,*00 YOU HANT TO CHANGE CR CLEAN 4 SHALE VALUES?*
PRINTm , M F  YES ENTERl. IF HOT ENTER 2*
R E A D m . H U
IF(HHH.E0.2.AND.1111.E0.2)CO TO 10 
IF(IIII.E0.2)C0 TO 500
PRINTm ,-ENTER NEW VALUES FOR CR CLEAN 4 OR SHALE RESPECT.*
REAOm ,CRCLN,CRSH 











C....CORRECT ION OF POROSITY 0ECAUSE VSHCR<VSHXP 
C








9 IF (ABS(VSH(I)-VSHCR(I)),LT.EPS) CO TO 1
IF(ABS(VSH(I)-VSHXP(I)).LT.EPS) 00 TO 3
I WRITE (3.100)0(1).VSH(I)
CO TO «
3 WRITE (3.300)0(0. VSH (I)
100 FORHAT(IX,5X,F7.1.5X,F5.3,*CR*.OX.F8.3)
300 FORMAT(tX.5X.F7,t.5X.F5.3,*N0XP*.8X.F8.3)













501 FORHAT(/3X.*NEW SHALE POINT VALUES AFTER NORMALIZATION AD a )
502 FORMAT (/3X.*POR.NEUT. -*.F8.3.*P0R. OENS. -*.F8.3)
503 FORMAT (/3X.*NEN CR VALUES AFTER NORMALIZATION *0 *J
504 FORMAT l/3X.*GR CLEAN ■*.F0.I,*GR SHALE -*.F6.l)
C






505 FORMAT (/3X,*BULK OENSITY OF THE SHALE AFTER NORMALIZATION*)
508 FORMAT(/3X.*SHALE DENSITY ■ *.F6.3,2X.*GN/CC*)
C
HRITE(4.221)AVEPOR 
221 FORMAT(/3X.*WEIGHTED AV. POROSITY FROH N-0 X-PLOT -*,F0.3) 
HRITE(4.220)VSHAVG 
220 FORMAT(/3X.*AVERAGE VOLUME OF SHALE *.F8.4)
(F(KK.EO.l)GO TO 5 
GO TO 6 
5 WRITE(4.250)
250 FORMAT(/3X.*GR ANO N-D OPTIONS HERE USEO AS SHALE INDICATORS*) 
6 RETURN 
ENO
C m m m u m m m m m m n m m m m m m m m m m m m n m m m m m m m m m m n m m m m  M M M M M M N M M M M M M M M M M M M M M M M M M M M M
...SUBROUTINE USED TO CALCULATE TEMPERATURE GRADIENTS ANO TEMPERATURE 
...ON LEVEL BY LEVEL BASIS NEEDED IN COMPUTING FORMATION PARAMETERS.
SUBROUTINE FTEMP(BHT.O,TSURF,TO,11,FT)
DIMENSION 0 (I I).FT(I I)
TGRAD-(BHT-TSURF)/TO 00 10 1-1.II F T U >-0(I)-TGRAD*TSURF 
10 CONTINUE
HRITE (4.230)TGRAD 
230 FORMAT 1/3X.TEHPERAT. GRADIENT -*.F6.4.2X.*F/FT*)
RETURN
END
C NN  — - M M M M M M M M M M N M M M M N M M M M M M N M M M M N M M M M M M N M M N M I I M N M M M N M N M M M M M M M M M M N M M M M I
Cc
C  SUBROUTINE USED FOR CALCULATING FORMATION HATER RESISTIVITY
C  FROM SP RESPONSE TAKING INTO ACCOUNT THE EFFECT OF SHALINESS
C  AND ASSUMING THAT AN AVERAGE OF THE SHALE VOLUME AS CALCULATED
C  BEFORE IS REPRESENTATIVE FOR THE INTERVAL BEING ANALYSED.
C
C.............. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . — .......
SUBROUT IME HATRES (D.PSP.11.TOP,BOT.VSHAVG.RMFH,TRHF.FT.RNSP.
1RHF,ICOUNT.FTAVG)






















RMF (I) b RMFMm (TRMF*8.771/(FT(I)*8.77)









IFCRMF75.CT.0.10)00 TO 2 




1 RHRNE*10.m n (-S9P/KCAVG)
RHE-RHFE/AMRNE 
IF(RHE.LT.O.12)GO TO 5 
IF (RHE.GE.0.12)GO TO 6 
S RW75- (77. nRHE«-5. ) / (110. -337. nRHE)
GO TO 7




PRINTm ,*AH FROM 8P ■ •
PRINTm .RH3P 
HRITE(1.100)PPN
100 FORMAT(/3X."HATER SALINITY FRON 9P« *.F10.0.2X."PPH NACL") 
RETURN 
END
....SUBROUTINE USED FOR CALCULATING POROSITT,A ANO H VALUES ANO 
....HATER SATURATION IMPLEMENTING A MODIFICATION OF THE FERTL 
....MODEL.
....EQUATIONS USED ARE FOUND IN PROLOG NELLSITE ANALYSIS BY 
....DRESSER ATLAS AND IN THE PAPER "ANALISIS DE REGISTROS GEOFISICOS 
....EN ARENAS ARCILLOSAS.METODO FERTL NODIFICAOO* BY LINARES FLOREZ 
....AND GARZA DE LA GARZA.TRANS. 9PHLA.1878.PAPER H.
....THIS SUBROUTINE CALCULATE APPARENT NATER RESISTIVITY.RHA.AND 
....USES ITS MINIMUM VALUE FOR HATER SATURATION CALCULATIONS.
SUBROUTINE FERTL(D.TOP,BOT,ICOUNT.Al,RSH,II.RMF.SN.CMSH.DSH.RH. 
1RT.FTAVG.DEN.CNC,VSH,PORF.SHF,A,M.RHA.SHAVG.PERM I.RAT 10)
01 MENS I ON RMF(K) ,SN (I I) ,RT (I I) .DEN (I I) .VSH IE I) .SHF (I I) .A (I I). 









DO 10 J-1.II 
FZ-0.81/CNC(J)n m2.
XSmAAmALOGIO(DEN(J)*AtmVSH(J))♦ALOGtO(FZ)
X8>1. ♦BBmALOGIO (DEN (J) *AlmVSH (J))
A (J)«10.m m (X5/X8)
M(J)aALOG10(A(J)/FZ)/ALOGlO(OEN(J)♦At m VSH(J))

















PORF (J) - (A (J) /FZ) h n  (1 ,/H (Jl) -VSH (J) "CNSH 
IF CPOAF(J).LE.0.00)PORF(J)>0.0001
R H A (J)>RT(J)m(P0RF(J)m m H (J)*P0RF(J)"At"VSH(J))/ A (J) 
PRINT",RHA (J)
IF((0(J)-TOP).GE.0.0.AND.(BOT-D(J)).GE.0.0)60 TO I 




....CALCULATE SALINITY OF THE HATER
Y>300000./(RMF"(FTAVG'0.77) -1.)
PPH>Y""1.0S 
HRITE (V 228)PPM 
220 FORHAT (/3X,-HATER SALINITY FROH FERTL ROUT.>-,FtO.O,2X, 
1‘PPH NACL*)
PRINT",•HININUN RHA FROM FERTL ROUTINE ■"
PRINT m RHF
PRINT-!-ENTER RH FOR CALCULATING SH IN FERTL ROUTINE a 
REAO"■RHFE
IF(ABS(RHFE-RHF).LT.O.001)GO TO 3 
HRITE (6.227)
227 FORHAT(/3X.-RHAHIN FROM NORN. GR .VS. RHA PLOT IMS USED IN FERTL 
1ROUTINE*)
GO TO 6 
3 HRITE(6.226)
226 FORHAT(/3X,-FERTL ROUTINE USED ITS HININUH RHA FOR SH 
1CALCULATIONS-)
1 CONTINUE 
DO 20 1-1.11FZ>A (I) / (DEN (I) ♦AImVSH (!) I m m H (I)
X1>A (I) "RUFE/RT (I)
X2>A1"VSH (0/2.0
X3> (XI *X2""H(I)) "" (1 ./H (I))
SHF (I) > (X3-X2) /PORF(I)
IF(SHF (I).GT.1.0) S HF (()>1.0
I F((D(I)-TOP).GE.0.0.AND.(BOT —D(111.GE.O.O) 00 TO 2 






225 FORHAT(/3X.-HEIGHTED AV. POROSITY FROM FERTL ROUT.>-,F0.3)HRITE(6.226)RHF
226 FORHAT(/3X.-F0RN. HATER RESIST. FROH FERTL H0DEL-.F0.6.-0HH-H-)
...CALL SUBROUTINE TO CALCULATE PERHEABILITT IN0ECE3





      .
c 
c
C.•.THIS SUBROUTINE CALCULATES HATER SATURATIONS USING SIHANOOUX 
C...MODELS FOR TOTAL LAMINAR AND DISPERSED SHALE.
C...FORMATION HATER RESISTIVITY USEO IN HATER SATURATION CALCULATION 
C...HILL DEPENDS ON THE SELECTION DONE AT THE BEGINNING OF THE 
C...PROGRAM.
C
C  ......... - ....... .......................... .....
c
SUBROUTINE SIMAN(D.TOP.BOT.ICOUNT.PORXP.RH.11.VSH.RSH.R T ,CNC,
10.SHT.SHL.SHD.SARH.SHAVT.SHAVL.SHAVO.SHHEAN.SHHAV.PERINO,RAT ) 







IF (CNC (11.LE.0.0)CNC (I>-0.01 
IF (VSH(II.GE.1.0)VSH(I)*0.90 




C....SIMANDOUX TOTAL SHALE MODEL 
C
AA-Bm*2.-A.n AmC 
IF(AA.LT.O) DO TO 1 
GO TO 2
1 PRINT*."IMAGINARY ROOT IN SIHANOOUX'3 TOTAL SHALE MODEL*
2 SHT(I)■ (-B+AAn m 0.5)/(2.*A)
C
C....SIHANOOUX LAMINAR MODEL 
C
Al-PORXP(11 m m 2./(0.01mRHm (1.-VSH(III)
AA1iB""2.-A.m AImC 
IF(AAl.LT.O) GO TO 3 
CO TO A
9 PRINT*."IMAGINARY ROOT IN SIHANOOUX*3 LAMINAR SHALE HOOEL*
A SHL11) ■ (-B*AA1**0.S)/(2.*A1)
C




R C L - O . S h RSH
X2- (0(11/2.* (1.-RH/RCL) I «*2.
X3-0(I)/2.m (1.-RH/RCL)
S H D (I)•((XI-X2)m *0.5-X3)/ (|.-0 (111 
IF (SHT (I) .GT, 1,0) SHT (0-1.0 









S ARH(I)-RT(I)nPORXP(I)n *2./O.01 
IF(SARH(I).LT.0.0)SARH(I)*0.0 
IF((D(I)-TOP).GE.0.0.AND.(BOT-D(1)).GE.O.O)GO TO 0 
GO TO 10 










PR1NT*.*0K AT SIHANOOUX ROUTINE*
C
C...CALCULATE PERHEABILITY INDECES USING THE ARITHMETIC AVERAGE FOR 





PRINT*.-OKAY PINDEX AT SIHANOOUX ROUTINE*
C
RETURN
ENOC m MMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMfc MNMM***********MMNMMMM*!
C
C
C...THIS SUBROUTINE CALCULATES VOLUME OF SHALE ANO SHALE CORRECTED 
C...POROSITY FROH NEUTRON-OENSITY X-PLOT USING T «  APPROACH ON 
C...PAPER HRITTEN BY CHING HU 4 MARK KRUOHING .THE LOG ANALYST 
C...JULY-AUGUST.19B0 PAGES 9-0.
C...FURTHERMORE.A CORRECTION OF SHALE CORRECTEO POROSITY FOR THE 
C...CASE HHEN VSH FROM GAMMA RAT IS LESS THAN VSHALE FROM N-0 X-PLOT 
C...IS IMPLEMENTED IN THE CALLING SUBROUTINE.F0LLOHING THE APPROACH 
C...A9 OUTLINED IN PE-519 CLASS NOTES HRITTEN BY MR. OON DAVIS.
C
C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -............
C
SUBROUTINE XPLOT(CNSH.DSH.DEN.CNC,11,PORXP,VSHXP.OMEGA) 






























C...THIS SUBROUTINE CALCULATES APPARENT HATER RESISTIVITY.RHA.USING 
C...DEEP INDUCTION ANO COMPENSATED NEUTRON READINGS FROM LOG MITH0UT 
C...ANY CORRECTION FOR 9HALINES3.
C
C   ----------------------------------------------- .......-------- .........
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SUBftOUTINE RHAPP(RT.CNC.11.LL.OMA,OfL.DEN.CPC. RSH,PORXP.VSH, 
1RHAMIN.FTAVG.X.Y.XTITL.YTITL)
DIMENSION R T (11).CNC(III.DEN(II),CRC(I(I 




RHAP.RT(I)hCNC(I)n m 2 ./O.81 
BULK-DMA-DEN Cl)** (DMA-DFL)
CRNOR>CRC(I)hBULK 




PRINTm .-THE f o l l o w i n g  PLOT IS NORMALIZED CR .VS. RHA 







C....ENTER RH VALUE CHOSEN FROM RHA .VS. NORMALIZED GAMMA RAY 




C...CALCULATE HATER SALINITY 
C
Y.300000./(RUAHINn (FTAVG*t.77)-1.)
PPH-Yn m I.OS 
HRITE(«.200)PPM






C m M M M M M M M M N M M M M M M M M M M M M M M M M M M .......... ........... ....................... .
C
c
C...THIS SUBROUTINE CALCULATES HATER SATURATION USING THE EMPIRICAL
c . . . equation named *the Indonesian equation* by schlumberger.
C...AGAIN.THE HATER RESISTIVITY USED FOR CALCULATING SATURATIONS C...HILL DEPENOS ON THE SELECTION DONE AT THE BEGINNING OF THE C...PROGRAM.
C
C....... -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........
C
SUBROUT INE INDON(D.TOP.BOT.ICOUNT.11,VSH.RSH.PORXP.RH.RT. ISHIND.SHAVIN)







IF (VSH(I) .LT.O.)VSH(I) *1.*VSH(|)
DE*l.-VSH(t)/2.
X t *VSH(I)m m DE/RSHm m O.5 
X2-P0RXP(|)m m (M/2.) / (AmRHIm mQ.5
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X9*1./RT(I)n m0.5
SMIND(I) a(X9/(XI*X2)>m m (2./N)
IF (SNIND (I).GT.!.0)SHIND(I)at.O 
IF((D(1)-T0P).6E.0.0.AND. <B0T-D(m.GE.0.0> CO TO I 





 ..............  M N M M M N M a M M M N M M M M M M M M M - M M M M M M H M M M M M M M N N M M H M M M M M M N M M
c
c
C...SUBROUTINE COMPRE USED TO CALCULATE POROSITIES.VOLUMES OF SHALE.
C.•.QUANT I TAT IVES AMOUNTS OF EACH TYPE OF SHALE,DISPERSED.LAMINAR AND 
C...STRUCTURAL.AND NATER SATURATIONS APPLYING THE RIGTH EQUATION FOR 
C...THE TYPE OF SHALE AS FOUND IN THE QUANTITATIVE CALCULATION OF 
C...THE TYPE OF SHALE.
C...THE ALGORITHM IS BASED ON THE PAPER "A COMPREHENSIVE MATHEMATICAL 
C...APPROACH AND A HAND-HELD CALCULATOR PROGRAM FOR ANALYSIS OF SHALY 






DIMENSION OEN(I I).CNC(I I).D(I I),RT(I I).VSHCR(I I)
0 1 HENS I ON PORXP (!(). VSH < (I), SNT SH < ( 0  . SH < m  




















C...CALCULATE AMOUNTS OF THE THREE TYPES OF SHALE AND HATER SAT.
C
DO 20 1-1. II PORI-PORXP(I)
VSHI-VSH(1)
YY-1./ (3. mPORSD) - O. WV Q
R - ((PORI*VSHI)/2.-0.3333)/P0R3D-0.2037UaYYMN3.-RMM2.
AI-R*Um n 0.5 
IF (At.LT.O.)Al-O.






















IF(VDlSd) .EQ.0.)P0A2-P0Rl VSH3-1.-(P8R2/P0RSD)VLAN(I)-VSH3VSTR ([)-VSH2-VLAM(I)
IF<VSTR(l).LT.0.)VSTR(|>-0.FLAG-VSH1/2.
...CALCULATE HATER SAT. USINC TOTAL SHALE EO. AFTER SIHANDOUX 
XI-VSHI/RSHX2-U.mP0RInh2./(0.81hRH«RT (I)n (I.-VSHU)X3-2.-PORI*"2. / (0.81hRHm (t.-VSHt))SHTSH <I)■(-XI *(XImm2.*X2)— 0.5)/X3 
(F(SHTSH(I).GT.1,0)SHTSH (I)-1.0
...USES FLAC TO DETERMINE THE PREDOMINANTLY TYPE OF SHALE
IF(VD1S(().GE.FLAC)G0 TO 2IF ((VLAH(I)♦VSTR(l)I.CE.FLAG)GO TO 32 00(1) -VDIS(I) /CNC (I)XI-O.OImRH/(RT(I)-CNC (I) — 2.ISH(l>-((Xl»QQ(l)— 2./«.)— O.S-QQ(I)/2.)/(l.-QQ(l))GO TO 223 XI-PORXP(I)mm2./(0.81mRHm (1.-VSH2)I X2-VSH2/RSH
X3--1./RT(I)XX-X2— 2. -U. nXI mX3ifixx.lt.o.o)ce re 21
S H (I)■ (-X2»XX— 0.51/(2.-XI)GO TO 2221 PRINTm .-IHAGINART ROOT IN LAMINAR EQUATION*
s u m -  1.022 IF(SH(U.GT.l.0)SN(l)-1.05 IF((0(1)-TOP).GE.0.0.AND.(BOT-D(I)).GE.O.O)00 TO 8 GO TO 20 0 CUMSH-CUMSH’SHd)CUSHT-CUSHT * SHTSH(11 
20 CONTINUEAVGSH-CUMSH/FLOAT((COUNT)SHTSHA-CUSHT/FLOAT((COUNT)RETURN
ENO
...SUBROUTINE USED FOR PLOTTING RHA .VS.NORMAL IZED GAMMA RAY 
...AND VSHALE FROM N-D X-PLOT .VS. VSHALE FROM GAMMA RAY. 
...THESE PLOTS ARE NEEDED FOR SELECTING A REPRESENTATIVE VALUE 
...OF RH AND FOR SELECTING THE BEST RELATIONSHIP [N CALCULATING 
...VSHALE FROM GAMMA RAY
SUBROUTINE VIEM(LL.ll.X.Y.XTITL.YTITL)






PRINT-.'DO YOU NEED A «5 DEGREES LINE IN THE PLOTt* 
PRINT-.*IF YES ENTER 1.IF NOT ENTER 2*
REAO-.JJJ 
DO 10 1-1.II 
READ (S. m > X (I) .Yd)




00 12 1-1.5 
XTITL(I)-1H 
T T I T H D - l h
12 CONTINUE











C PRINT-CENTER FIRSTV AND DELTAV FOR X-AXIS"
C READ-.X (11 +1),X (11*2)
C PRINT-CENTER FIRSTV AND DELTAV FOR Y-AXIS*
C REAO-.Y (11»1),Y (11*2)CALL PLOTS(0.0.0)
CALL PLOT(0..0..-999)
CALL NEMPEN(I)
IF(JJJ.EQ.1)60 TO 1 
IF (JJJ.EQ.2)GO TO 2
1 CALL SCALE(A.0.,2.1)
CALL SCALE(B.O..2.1)
2 CALL SCALE (X.O..11.1)
CALL SCALE (Y.8..11.1)
CALL AXIS (I • 5.1.5.XTITL. -NX. O..O..X(((M).X([ 1*2))
CALL AXIS (1.5.1.5. YTITL. NY. 0., 90.. Y U  (-1). Y d  1*2))
CALL PLOT (t.5.1.5.-3)
IF(JJJ.EQ.I)CO TO 3 
IF(JJJ.E0.2)CO TO V
3 CALL LINE(A.B.2.1•1.1)








DO 200 1-1.5 
K -5 -I M  
L-0





200 CONTINUE RETURN 
ENOC— — — — — — .... — — — — — — — — — — — — — —
C---N---------------------------------------------------------
C
C ... SUBROUTINE USED FOR CALCULATING PERMEABILITY INOECES












C5T1-23.-V05. -RHOH-IOO. -RHOH— 2.
CST2-300.
CC..CORRECT RT READINGS POR HYDROCARBON DENSITY 
C
DO 10 fat.II
IF (SAT (I) .GT.O.751 GO TO 12RTCO>(O.O77*I.55-RH0H-O.O27-RHOH— 2.) -RT(I)
GO TO 13
12 RTCO-RT(l)
13 RAT 10(I)-RH/RTCO 
CUM-CUM-RAT10(1)
ICOUNT*1C OUNTM
IF (RAT 10 (H .LE.FLAG)FLAG-RAT10 111 
10 CONTINUE
C












PRINT-,-FORMATION IS AT ITS IRREDUCIBLE HATER SAT.*
HRITE (11.501)
501 FORMAT(/3X.*FORMAT ION |A AT ITS IRREDUCIBLE HATER 9AT.*I INDEX-I
GO TO 15
IV PRINT-.'FORMATION IS ABOVE ITS (RREOUCIBLE HATER SAT.* 
HRITE (V.502)
502 FORMAT(/3X.*FORMAT ION IS ABOVE ITS IRREOUCIBLE HATER SAT.*) 
INDEX-2







H- (3.75-POR (I) * I (AL0G10 (RAT 10(I))*2.2)— 2./2.)) — 0.5 
C PRINT- H
IF(SAT(I).GT.0.75)CST-CST2 
IF (SAT (I).LE.0.75)CST-CST1 
SHIRR-SAT(I)
XI- (POR (I)/SHIRR)— H 





IF(POR(I).LE.0.0)P O R (I)-0.000I
H- (3.75-POR (I) - ((AL0G10 (RAT 10 (!)) *2.2) --2./2.1) — 0.5 
PRINT-.H
PSHIRR-0.000001 / (0- (2.05-2.00) — S.)
X 1-RH-V9M (I) / (POR (I)-RSH)
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IF(VSH(I). GE. 1.0)V S H (I)*0.99
RAT 101-XImPSMIRR»(PSNIRRm n M / ((1.-VSH(I)Im m 01-1.I))
PRINTm .RATIOI
M> (S. 75-POR <I)*((ALOGl0 (RAT 101) *2.2) m m*./*.)) m m O. 5 
IF(SAT(I).GT.0.75)CST-CST2 
IF(SAT(I).LE.O.75)CST-CSTl 
X2-P0R (I)m m (2.mH)/RAT 101 
G PR|NTm ,X2




 ....................  M M M M M N M M M M M M N M N M M M M M M M M M M M M
C.... THIS PROGRAM PERFORHS THE CROSS-PLOTTING REAOING THE DATA PROM
C.... A TAPE.IT IS A KIND OF INTERACTIVE PROGRAH PROMPTING FOR THE
C .... USER'S INPUT.
C .... PHIN-PHID.PHIN-BULK DENSITY.GAHHA RAY-(PHIN-PHIO) ANO RILD-GAHHA
C ......RAY X-PLOTS ARE CARRIED OUT BY THIS PROGRAM.
C.... NUMBERS PHASING 45 DEGREES ARE DATA POINTS NHERE A DISCRIMINATION
C .... PROCEDURE IS USEO TO ALERT THE ANALYST FOR BAD HOLE CONDITIONS.
PROGRAH GRPH(INPUT,OUTPUT,FILEN.TAPE2-FILEN.TAPEI.TAPES.TAPES. 
ITAPE4.TAPE6.NPARAH.TAPE09)
DI MENS I ON X (300). Y (300). Z (290). PTI TL (5). XT I TL (5). YTI TL 15)
DIMENSION ZONE(5)
C DATA/LINEHAS KI/-03457/
PRINT*,"IF MAKING PHIN-PHID X-PLOT ENTER I"
PRINT*," IF MAKING PHIN-RHOB X-PLOT ENTER 2"
PRINT*."IF MAKING (PHIN-PHID)-GR X-PLOT ENTER 3"
PRINT*,"IF MAKING RILD-GR X-PLOT ENTER 4"
READm .KK
IF (KK.EQ.1) GO TO 1000 
IF (KK.E0.2) GO TO 2000 
IF (KK.EQ.3) GO TO 3000 
IF (KK.EQ.II) GO TO 4000 
1000 CALL NDPOR(ICOUNT)
GO TO 5000 
2000 CALL NO (ICOUNT)
GO TO 5000 
3000 CALL NDG((COUNT)
GO TO 5000 
4000 CALL IG 











READ (4.m )X (I) ,Y (I) .Z (I)





PRINT*."OVER 290 DATA POINTS"
11 CONTINUE 
L S - K
IF (KK.EQ.4) LCNT-LS 
IF (KK.EQ.4) GO TO 51 
IF ((COUNT.EQ.O)LCNT-LS 
IF((COUNT.EQ.O)GO TO St 








READ (6. -) X (LL). Y (LL), Z (LL)










FRI NT**, "ENTER PLOT TITLE (MAX 50 CHARM.)"
READIOO.PTITL
IF (EOF (5L INPUT).NC.O) PTITL(1)-1H 
PRINT-,"
NT-NCHR(PTITL)
PRINT**,"ENTER ZONE NAME AND DEPTH OF INTERVAL"
READ100.Z0NE
IF (EOF (5L INPUT) .NE.O) ZONE (D-lH  
NTl-NCHR(ZONE)











PRINT-,"ENTER FIRSTV ANO DELTAV FOR X-AXIS"
READ-• X (LCNT♦ I) ,X(LCNT*2)
PRINT-."ENTER FIRSTV AND DELTAV FOR Y-AXIS*
READ-,Y(LCNT+1),Y(LCNT*2)
PRINT-."FOR DRAHINC A CRIO ENTER - INTERVALS IN X-OIRECTION(NX). 
t01STANCE BETWEEN VERTICAL LINES(XD).-INTERVALS IN Y-DIRECTION(NY), 









DO 20 I-I.LS 
20 CALL NUNBER(X(I),Y(I),0.070.Z(I) ,0.,-1)
IF (KK.EO.lt) GO TO 5 
IF (ICOUNT.EO.O)GO TO 5 











DO 200 1-1,5 
K-5 -I M  
L-0











d f l - i .o
DHfl-2.65
ICOUNT-O
PRINTn . M F  OELTR RHO HRS TO BE NORMALIZEO ENTER CORRECTION, 
IOTHERWISE ENTER ZERO N/OECIHAL POINT*
READn .CF 
10 READ(2.I00)CAL.CNL.0E.DR 
IF (EOF (2). NE.O) CO TO S DR-OR-CF 
DE-DE*CF 
Z-0.
IF ((CAL-BS). GT.0.S. ANO. (CAL-BS).LT.I.501) Z»Z*I.
IF((CAL-BS). GT.1,5.AND.(CAL-BS).LT.2.501)Z«Z*2.
IF ((CAL-BS).GT.2.5)Z-Z»S.
IF (OR. GT.0.1. AND.OR.LT.0.201) Z«Z*U.
IF (OR.GT.0.20)Z"Z+5.
PHID-(DHA-DE)/ (OHA-OFL)
IF(Z.EG.O.)GQ TO t 
HRITE(5.200)CNL.PHID.Z 
I COUNT■ (COUNT*-1 
GO TO 10 
1 HRITE (1.300) CM..PHID 











PRINT.,-IF OELTA RHO HAS TO BE NORMALIZED ENTER CORRECTION, 
tOTHERWISE ENTER ZERO H/DECIHAL POINT*
READm .CF 
10 READ(2.100)CAL.CNL.DE.DR 









IF(Z.EO.O.)GO TO 1 
HRITE(5.200)CNL.DE.Z ICOUNT.ICOUNT*1 
GO TO 10 
1 HRITE(I.300)CNL.DE 
GO TO 10 
100 FORMAT(36X.1F9.3)










MINT*.«(F DELTA RHO HRS TO BE NORMALIZEO ENTER CORRECTION, 
IOTHERWISE ENTER ZERO H/DECIHAL POINT"
REAO*.CF 
10 REAO (2.100)CR.CfiL.CNL.OE.OR 












(F(Z.EO.O.)60 TO I 
HRITE(5,200)X.Y.Z 
(COUNT-ICOUNT-1 
CO TO 10 t WRITE(1.300)X.T 
CO TO 10 
100 FORHAT (27X.5F9.S)






















DO tO 1-1.LAST 
READ(1.*)X(I) ,Y (!)
IF (EOF(I).NE.O) CO TO 1 







1 c o n t i n u e
IF (KK.EQ.9) CO TO 2 
LCNT-0
LCOUNT■ ICOUNT-1 
00 IS L-LCOUNT.LAST 
REAO (5. *) X (L) • Y (L). Z (L)
IF (EOF (5). NE.O) CO TO 2
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IF (LCOUNT.EO.300) CO TO 2 
IF (X (L) .GT. XMAX) XHflX-X (LI 
IF (X (L) .LT.XM(N)XHIN-X<U 
IF (Y (LI.GT.YMAX)TMflX-r(LI 
IF (r (LI .LT.YMINITHIN-T (LI 
LCNT«LCNT*t 
15 CONTINUE
2 PRINT*.9THE MAXIMUM AND MINIMUM VALUES FOR X AR£*09 PRINTm .XMAX.XMIN
PRINT*.-THE MAXIMUM ANO MINIMUM VALUES'FOR T ARE*09 
PRINT*.YHAX.YMlN 









PRINT*.9NHAT IS THE MAXIMUM EXPECTED VALUE FOR X* 
READ* XHAXPRINT*.9HHAT is t h e h i n i h u n  e x p e c t e o  v a l u e  f o r  X*
REAO-.XHIN
PRINT*.9HHAT is t h e m a x i m u m  e x p e c t e d  v a l u e  FOR T" 
READ* YHAXPRINT-,-WHAT is THE MINIMUM EXPECTED VALUE FOR Y9 
READx.YHlNPRINT*.9HHAT IS THE LENGTH OF X-AXIS9 
READm .XLEN
PRINT*,9HHAT IS THE LENGTH OF Y-AXIS9 
REAOm .YLEN 
10 R E A O O . m IX.Y.Z




IF (KK.EQ.2) GO TO 2 
GO TO 1 
2 Y3-YLEN-Y2
HRITE 01.100) X2.T3.Z 
CO TO 10 
1 HRITE<1.100)X2.Y2.Z 
GO TO 10 100 FORHAT(3F7.2)
3 CONTINUE
IF (KK.EQ.S) GO TO 5 
20 READ(5.*) X,Y,Z





IF (KK.EQ.2) GO TO 22 
GO TO 23 
22 Y3-YLEN-Y2
HRITE (6,100)X2.Y3.Z 
GO TO 20 
23 HRITE(6.100)X2.Y2.Z 






m m — * —  l o g  INTERPRETATION OUTPUT EXAMPLE immmmmmmmm
H E L L  D A T A  
HELL ANDALUCIA SUR- 10
TOP OF ZONE • 1700.00 FT BOTOH OF ZONE ■ 1010.00 FT
OIT Sin 0.500 INCHES
HUD DENSITY 10.300 PPC
PSEUO0 SPONT. POTENT. >17.00 HV
MATRIX DENSITY USED IN THE LOO 2.S50CH/CC
SHALE POINT VALUES
P6R6S.NEUT.- .5000 POROS. DENS.* .1600 
SHALE DENSITY (LOO) 2.300 6H/CC 
OR CLEAN- 23.00 OR SHALE- 00.00 
FLUID LOSS 1.000 FLUID DENSITY 1.000
MEAS. FILTRATE RESIST. .600TEHPERAT. 76.000
TOTAL DEPTH 19U0.00 BOTT. HOLE TEMP. 110.000
VSHCIH - 0.00
NEH SHALE POINT VALUES AFTER NORMALIZATION «D
POR.NEUT. • .500P0R. DENS. - .160
NEH OR VALUES AFTER NORMALIZATION *D
OR CLEAN - 23.OCR SHALE - 60.0
BULK DENSITY OF THE SHALE AFTER NORMALIZATION
SHALE DENSITY - 2.386 GM/CC
NEICHTED AV. POROSITY FROM N-0 X-PLOT - .211
AVERAGE VOLUME OF SHALE .2656
GR ANO N-D OPTIONS MERE USEO AS SHALE INDICATORS
AVERAGE GRAIN DENSITY .032CH/CC
TEHPERAT. GRADIENT - .0175 F/FT
HATER SALINITY FROM SP- 33005. PPM NACL
HATER SALINITY FROM RHAMIN ■ 11212. PPM NACL
HATER SALINITY FROM FERTL ROUT.- 21601. PPM NACL
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R M M I N  FROM NORN. OR .VS. A M  PLST M S  USEO IN FERTL ROUTINE 
WEIGHTED AV. POROSITY FROM FERTL ROUT.* .108 
FORM. HATER RESIST. FROM FERTL MODEL .20356HM-N 
FORMATION IS ABOVE ITS (RREOUCIBLE MATER SAT.
RH FROM NORM. OR .VS. RNA PLOT M S  USED IN SIHANDOUX'SANO COMPREHENSIVE HOOELS
FORMATION IS ABOVE ITS (RREOUCIBLE M T E R  SAT.
MAXIMUM EXPECTED POROS. IF FORM. HERE CLEAN .300 
HATER RESIST IVlTY*D .1949 6HM-M FROM SP.
M T E R  RESIST IVITT- .S0008MH-N FROM MIN. R M
MODIFIED FERTL MODEL
DEPTH DCAL VSH 0 POR i f I
1774.0 .253 .613 .487 .056
1775.0 .016 .510 .459 .065
1776.0 1* 142 .447 .430 .076
1777.2 1.020 .439 .408 .090
1776.0 .777 .406 .361 .104
1779.2 .290 .383 .356 .116
1780.0 -.197 .365 .337 .129
1761.2 -.919 .324 .295 .154
1782.0 -.360 .289 .264 .170
1783.4 -.320 .307 .265 .180
1784.2 -.240 .279 .240 .194
1785.4 -.111 .271 .230 .203
1786.2 -.329 .289 .240 .202
1787.4 -.323 .246 .210 .215
1786.4 -.283 .265 .224 .208
1789.4 -.264 .243 .209 .214
1790.2 -.285 .258 .220 .208
1791.4 -.286 .214 .167 .224
1792.2 -.286 .235 .199 .222
1793.2 -.328 .237 ,197 .228
1794.0 -.369 .219 .186 .226
1795.4 -.289 .223 .199 .211
1798.0 -.289 .222 .206 .200
1797.2 -.290 .312 .265 .162
1798.0 -.291 .269 .239 .198
1799.2 -.292 .205 .179 .227
1800.2 -.292 .220 .191 .221
180t.5 -.253 .274 .239 .201
1802.4 -.334 .280 .247 .188
1803.2 -.335 .279 .247 .166
1804.0 -.378 .260 .236 .167
1805.5 -.296 .296 .258 .182
1806.4 -.337 .293 .260 .178
1607.9 -.297 .247 .221 .198
1608.4 -.419 .177 .168 .217
1609.2 -.420 .270 .297 .192
1610.0 -.421 .301 .264 .177
1811.4 -.422 .222 .210 .193
1012.2 -.584 .258 .248 .171
1613.S -.302 .370 .346 .123
1614.4 -.343 .295 .266 .169
1615.4 -.262 .255 .202 .237
1616.4 -.283 .219 .175 .250
1617.3 1.199 0.000 0.000 .347
1618.2 1.800 0.000 0.000 .957
1619.3 2.164 0.000 0.000 .375
A M 3M(F) RHA PERINOEX
.664 2.029 1.000 .056 .057
.507 2.160 1.000 .066 .134
.480 2.212 1.000 .070 .316
.706 1.994 1.000 .078 .750
.727 1.979 1.000 .089 1.494
.471 2.221 1.000 .156 2.687
.347 2.394 t.000 .203 4.396
.374 2.352 .969 .255 10.888
.467 2.227 .641 .299 16.095
.733 1.974 .666 .363 21.391
.620 1.911 .598 .444 32.013
.625 1.906 .522 .552 39.786
.799 1.926 .499 .591 37.303
.641 1.897 .457 .685 53.405
.828 1.908 .442 .713 44.658
.643 1.898 .421 .777 52.636
.766 1.949 .406 .642 45.376
.663 1.682 .366 .960 67.881
.647 1.699 .353 1.024 62.668
.711 1.991 .333 1.224 71.687
.6t8 2.071 .350 1.244 70.979
.582 2.109 .395 1.033 50.962
.504 2.184 .427 .971 39.977
.600 1.925 .438 .696 22.363
.773 1.945 .441 .726 34.658
.777 1.942 .419 .847 74.258
• 741 1.966 .418 .852 64.155
.623 1.909 .407 .797 37.641
.652 2.039 .430 .798 25.539
.716 1.987 .381 .914 25.S97
.565 2.119 .405 .955 27.460
.694 2.005 .445 .727 22.766
.601 2.085 .499 .648 20.804
.606 2.080 .485 .707 36.997
.465 2.205 .487 .824 64.021
.614 2.073 .461 .746 30.785
.599 2.087 .497 .792 20.013
.313 2.451 .469 1.074 33.665
.293 2.467 .522 .901 16.004
.711 1.991 .754 .304 3.514
.609 1.919 .679 .359 16.293
.631 1.904 .666 .368 64.651
.851 1.690 .717 .348 116.485
1.076 1.756 .714 .962 U 39.810
1.305 1.651 .713 .350 1302.142
1.227 1.685 .709 .357 1680.198
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1820.2 1.151 .073 .059 .319 .952 1.633 .772 .315 569.8811821.9 1.575 .091 .077 .295 .955 1.832 .791 .300 385.0931822.2 1.352 .205 .167 .250 .662 1.863 .865 .253 126.1911823.9 -.157 .362 .265 .215 .761 1.938 1.000 .192 57.859182M.3 1.531 .288 .222 .230 .813 1.916 • 99S .199 75.0121825.3 1.918 .288 .233 .212 .615 1.915 1.000 .172 51.0751826.2 1.157 .308 .255 .209 .603 1.923 1.000 .172 56.1091827.2 2.077 .177 .153 .287 .877 1.673 .925 .226 165.5221826.0 1.529 .123 .too .295 .910 1.853 .670 .253 333.5071829.5 1.955 .105 .089 .285 .937 1.636 .666 .255 298.5581830.3 9.087 .130 .115 .261 .926 1.652 .931 .225 185.586
AVERAGE HATER SAT. FROM FERTL M0OEL- .509MNMHNMMMNNNMMMMMMMMHMMMMMMMMMMMMMMMMMMMNMHMNMNM
DEPTH DCAL VSH Q PORXP SWT SWD SUL SH1N0 RHA SHHEAN PERINDEX
1775.0 .253 .613 .567 .068 1.000 .665 1.000 .977 .029 .961 .359
1775.0 .618 .510 .559 .097 1.000 1.000 1.000 1.000 .033 1.000 .686
1776.0 1.152 .557 .530 .105 1.000 1.000 1.000 1.000 .035 1.000 1.131
1777.2 1.020 .539 .508 .113 1.000 1.000 1.000 1.000 .066 1.000 1.639
1776.0 .777 .506 .381 .125 1.000 1.000 1.000 1.000 .053 1.000 2.767
1779.2 .290 .383 .356 .157 1.000 .857 1.000 .985 .090 .952 6.213
1780.0 -.197 .365 .337 .163 1.000 .766 1.000 .932 .111 .929 10.592
1781.2 -.319 .325 .295 .167 1.000 .737 .925 .679 .153 .687 21.365
1782.0 -.360 .289 .265 .196 .965 .699 .655 .820 .198 .636 28.926
1783.5 -.320 .307 .265 .196 .805 .612 .703 .705 .259 .707 27.350
1785.2 -.250 .279 .250 .209 .728 .572 .653 .655 .331 .668 37.176
1765.5 -.111 .271 .230 .217 .657 .510 .575 .596 .617 .577 65.378
1786.2 -.323 .289 .250 .217 .615 .575 .552 .566 .639 .563 63.685
1787.5 -.323 .256 .210 .227 .583 .567 .523 .550 .532 .526 58.986
1786.5 -.283 .265 .225 .222 .557 .538 .597 .529 .563 .697 50.605
1789.5 -.285 .253 .209 .227 .539 .531 .565 .517 .606 .685 58.062
1790.2 -.285 .258 .220 .225 .508 .395 .556 .593 .638 .653 52.982
1791.5 -.266 .215 .167 .235 .581 .392 .538 .573 .766 .637 72.720
1792.2 -.286 .235 .199 .235 .561 .366 .517 .556 .608 .615 66.396
1793.2 -.328 .237 .197 .255 .526 .326 .386 .525 .962 .379 66.115
1795.0 -.369 .219 .188 .255 .535 .330 .396 .535 .963 .387 67.983
1795.5 -.289 .223 .199 .231 .576 .362 .535 .572 .768 .625 65.569
1796.0 -.289 .222 .206 .222 .597 .371 .553 .590 .899 .661 56.929
1797.2 -.290 .312 .265 .199 .518 .391 .559 .505 .500 .656 27.313
1798.0 -.291 .269 .233 .213 .552 .520 .585 .521 .562 .662 61.282
1799.2 -.292 .205 .179 .250 .539 .536 .592 .520 .673 .690 62.875
1800.2 -.292 .220 .191 .236 .531 .523 .582 .512 .663 .679 73.693
1801.5 -.253 .275 .233 .216 .508 .395 .555 .595 .599 .652 63.166
1602.5 -.335 .280 .257 .205 .503 .375 .550 .595 .572 .662 33.587
1803.2 -.335 .279 .257 .203 .552 .350 .508 .658 .666 .399 32.166
1805.0 -.378 .260 .236 .209 .565 .351 .520 .567 .678 .609 37.829
1805.5 -.296 .296 .258 .201 .519 .386 .562 .506 .519 .656 29.630
1806.5 -.337 .293 .260 .199 .569 .517 .506 .553 .652 .697 28.902
1607.9 -.297 .257 .221 .218 .560 .550 .521 .551 .517 .516 68.235
1806.5 -.519 .177 .186 .238 .565 .557 .539 .561 .613 .527 66.685
1809.2 -.520 .270 .237 .213 .555 .505 .587 .523 .536 .679 60.996
1810.0 -.521 .301 .265 .199 .595 .355 .550 .688 .569 .629 28.383
1811.5 -.522 .222 .210 .223 .505 .351 .559 .695 .669 .636 56.63S
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1612.2 -.580 .258 .208 .203 .535 .361 .962 .5 22 .538 .959 33.621
101S.5 -.902 .370 .306 .100 .718 .536 .039 .069 .192 .630 5.3531619.0 -.309 .295 .286 .160 .763 .612 .692 .698 .257 .696 20.099
1615.0 -.26 2 .255 .202 .250 .600 .660 .795 .790 .303 .758 97.110
1816.0 -.263 .219 .175 .262 .919 .760 .618 .807 .281 .830 131.009
1617.S 1.199 0.000 0.000 .350 .691 .911 .691 .691 .378 .697 1321.3921616.2 1.800 0.000 0.000 .367 .851 .926 .651 .651 .919 .676 1669.023
1819.S 2.160 0.000 0.000 .380 .608 .916 .698 .096 .9t7 .671 2139.933
1820.2 1.151 .079 .059 .323 .962 .926 .997 . 999 i .299 .952 559.576
1821.9 1.070 .091 .077 .299 1.000 .935 .961 .955 .279 .965 357.075
1822.2 1.352 .205 .167 .261 1.000 .921 .981 .953 .207 .967 133.205
1829.9 -.107 .382 .200 .233 1.000 .921 1.000 .963 .136 .979 57.7331629.9 1.031 .288 .222 .205 1.000 .972 1.000 1.000 ,152 .991 63.608
1825.3 1.916 .288 .233 .227 1.000 1.000 1.000 1.000 .130 1.000 58.122
1626.2 1.107 .308 .200 .225 1.000 1.000 1.000 1.000 .127 1.000 53.5691627.2 2.077 .177 .103 .276 1.000 1.000 1.000 1.000 .191 1.000 187.757
1826.0 1.029 .123 .100 .300 1.000 .998 1.000 1.000 .225 .999 327.332
1829.5 1.950 .105 .089 .290 1.000 1.000 1.000 1.000 .230 1.000 292.853
1830.3 3.087 .130 .115 .268 1.000 1.000 1.000 1.000 .196 1.000 189.709
AVERAGE HATER GAT. FROM TOTAL 3HALE NOOEL ■ .596
AVERAGE MATER 9AT. FROM LAHIN. SHALE HOOEL ■ .537
AVERAGE MATER SAT. FROH OISP. SHALE HOOEL ■ .555
AVERAGE MATER SAT. FROM INOONES. EO. • .503
ARITH. AVG FOR SH FROH SlHAN.*S MODELS ■ .520I
COMPREHENSIVE HOOEL
DEPTH POROS. VSHALE DISP. LAHIN. STRUCT. 0 SH SHTSH
1779.012 .088 .613 .186 .287 .190 -I 1.000 1.000
1775.011 .097 .510 .238 .129 .193 -1 1.000 1.000
1776.013 .105 .997 .253 .069 .125 .739 1.000 1.000
1777.179 .113 .939 .299 .070 .126 .739 1.000 1.000
1778.013 .125 .906 .290 .052 .115 .731 1.000 1.000
1779.161 .197 .383 .218 .051 .119 .611 1.000 1.000
1780.015 .163 .365 .202 .099 .113 .535 1.000 1.000
1781.183 .187 .329 .163 .038 .103 .982 .939 .929
1782.017 .196 .289 .179 .029 .086 .992 .910 .699
1763.355 .198 .307 .173 .039 .099 .966 .786 .703
1769.190 .209 .279 .166 .025 .068 .677 .727 .693
1785.359 .217 .271 .157 .025 .086 .998 .623 .575
1786.195 .217 .289 .159 .035 .100 .923 .566 .592
1787.362 .227 .296 .150 .019 .077 .928 .557 .523
1788.365 .222 .265 .153 .025 .087 .932 .523 .997
1789.386 .227 .293 .151 .017 .075 .939 .513 .965
1790.202 .229 .258 .152 .022 .083 .927 .966 .956
1791.372 .235 .219 .196 .010 .056 .926 .956 .938
1792.208 .239 .235 .199 .017 .079 .910 .929 .917
1793.206 .295 .237 .131 .023 .089 .351 .363 .366
1799.039 .295 .219 .133 .015 .070 .360 .387 .396
1795.373 .231 .223 .199 .012 .062 .916 .919 .935
1796.036 .222 .222 .159 .009 .059 .996 .991 .953
1797.201 .199 .312 .171 .038 .103 .983 .993 .959
1798.033 .213 .269 .163 .022 .089 .969 .516 .985
1799.200 .290 .205 .191 .009 .055 .906 .507 .992
1800.201 .236 .220 .199 .012 .089 .906 .990 .962
1801.536 .216 .279 .159 .026 .069 .950 .978 .959
1802.371 .205 .280 .170 .029 .086 .980 .966 .950
1803.208 .203 .279 .173 .022 .089 .996 .926 .906
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18011.0112 .209 .260 .169 .017 .079 .977 .920 .920
1005.530 .201 .296 .172 .030 .099 .969 .968 .962
1806.369 .199 .293 .179 .028 .091 .966 .527 .5081807.867 .218 .297 .160 .018 .071 .950 .539 .521
1806.368 .236 .177 .196 .003 .028 .917 .533 .539
1609.207 .213 .270 .163 .023 .089 .951 .991 .167
1810.0111 .199 .301 .173 .032 .096 .976 .993 .996
1611.371 .223 .222 .157 .009 .055 .921 .909 .959
1812.203 .203 .258 .176 .019 .068 .973 .996 .962
1813.529 .199 .370 .22 5 .090 .105 .681 .990 .639
181U.359 .189 .295 .192 .021 .082 .578 .892 .692
1815.352 .250 .255 .121 .035 .100 -I .859 .795
1816.350 .262 .219 .119 .022 .083 .307 .853 .6161817.397 .350 0.000 0.000 .090 0.000 0.000 .911 .891
1818.180 .387 0.000 0.000 .096 0.000 0.000 .926 .651
1819.396 .389 0.000 0.000 0.000 .001 0.000 .916 .898
1820.179 .323 .073 .061 .002 .010 .169 .996 .997
1821.396 .299 .091 .089 .002 .005 .295 1.000 .961
1822.179 .261 .205 .118 .018 .071 .329 1.000 .981
1823.399 .233 .362 .108 .119 .191 -I 1.000 1.000
1829.395 .295 .288 .119 .053 .118 -I 1.000 t.000
1825.399 .227 .286 .192 .090 .105 -1 1.000 1.000
1626.178 .225 .308 .139 .053 .116 -I 1.000 1.000
1827.176 .276 .177 .109 .011 .062 .265 1.000 1.000
1828.010 .300 .123 .062 .005 .036 .227 1.000 1.000
1829.510 .290 .105 .099 .002 .009 .276 1.000 1.000
1830.369 .266 .130 .116 .002 .012 .399 1.000 1.000
AVERAGE HATER SATURATION ■ .5676
AVERAGE HATER SAT. FROH TOTAL SHALE MODEL ■ .5370
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APPENDIX C 
INPUT DATA FILE FOR BOSS
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CHNT INPUT DATA FOR HISTORY HATCHING RUN
CHNT ANDALUCIA SUR FIELO BARAYA HUILA COLOMBIA
CHNT
CHNT SINGLE POINT DATA SECTION










CHNT e h p i r i c a l DATA SECTION
CHNT
CHNT SATURATIONS FUNCTIONS
CHNT SAT KRO KRH KRO PC6H PCOO
ROCK -0.10 0.0 0.0 0.0 1500. 0.0
ROCK 0.0 0.0 0.0 0.0 1500. 0.0
ROCK 0.25 0.00 0.00 0.21 500. 0.0
ROCK 0.35 0.010 0.000 0.25 120. 0.0
ROCK 0.50 0.000 0.000 0.29 60. 0.0
ROCK 0.55 0.100 0.0001 0.33 15. 0.0
ROCK 0.575 0.22 0.016 0.35 10. 0.0
ROCK 0.50 0.28 0.160 0.5 8. 0.0
ROCK 0.55 0.55 0.22 0.55 6. 0.0
ROCK 0.80 1.00 0.26 0.65 3. 0.0
ROCK 0.65 1.00 0.35 0.70 2.5 0.0
ROCK 0.80 1.00 0.53 0.9 2.5 0.0
ROCK 1.00 1.00 0.53 1.0 1.0 0.0
ROCK 1.10 1.00 0.53 1.0 0.5 0.0
CHNT
CHNT OIL PVT FUNCTIONS
CHNT PRESS. BO RS sr. o i l OIL Vlt
CHNT IPSIG1 (RB/STBI (SCF/RB) OENS. (CPI
PVTO 0. 1.025 0.0 53.5 5.0
PVTO BPT68. 1.057883 56. 53.5 3.1
PVTO too. 1.057565 58. 53.5 3.1
PVTO 300. 1.056825 58. 53.5 3.1
PVTO 500. 1.056085 56. 53.5 3.1
PVTO 000. 1.055605 56. 53.5 8.1
PVTO 1000. 1.055235 58. 53.5 S. 3
PVTO 2000. 1.050535 56. 53.5 3.5
PVTO 5000. 1.039535 58. 53.5 6.1
CHNT
CHNT HATER PVT 4 GAS PVT BATA
CHNT
SHAT 02.5 3.1E-6 0.62





CHNT SAT KRO KRH KAG PC6H PCOG
ROCK. -0.10 0.0 0.0 0.0 1500. 0.0
JtOCK 0.0 0.0 0.0 0.0 1500. 0.0
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ROCK 0.25 0.00 0.00 0.21 500. 0.0
M C K 0.95 0.005 0.000 0.24 120. 0.0ROCK 0.40 0.090 0.000 0.31 60. 0.0
ROCK 0.45 0.055 0.001 0.99 15. 0.0
ROCK 0.496 0.22 0.009 0.35 10. 0.0
ROCK 0.50 0.26 0.090 0.5 6. 0.0ROCK 0.60 1.00 0.11 0.65 9. 0.0ROCK 0.65 1.00 0.43 0.70 2.6 0.0
ROCK 0.60 1.00 0.43 0.9 2.5 0.0ROCK 1.00 1.00 0.43 1.0 1.0 0.0




CHNT SAT KRO KRN KRG PC6N PCOG
ROCK >0.10 0.0 0.0 0.0 1500. 0.0
ROCK 0.0 0.0 0.0 0.0 1500. 0.0
ROCK 0.25 0.00 0.00 0.20 500. 0.0
ROCK 0.95 0.005 0.000 0.24 120. 0.0
ROCK 0.40 0.030 0.000 0.29 60. 0.0
ROCK 0.45 0.055 0.0001 0.33 15. 0.0ROCK 0.50 0.300 0.002 0.41 8. 0.0
ROCK 0.595 0.40 0.016 0.5 7. 0.0
ROCK 0.55 0.55 0.020 0.55 6. 0.0
ROCK 0.60 1.00 0.09 0.65 3. 0.0
ROCK 0.65 1.00 0.30 0.70 2.5 0.0
ROCK 0.60 1.00 0.43 0.9 2.5 0.0




CHNT SAT KRO KRH KRC PCOm PCOG
ROCK >0.10 0.0 0.0 0.0 1500. 0.0
ROCK 0.0 0.0 0.0 0.0 1500. 0.0
ROCK 0.25 0.00 0.00 0.23 500. 0.0
ROCK 0.95 0.005 0.000 0.27 120. 0.0
ROCK 0.40 0.030 0.00 0.30 60. 0.0
ROCK 0.45 0.100 0.00001 0.33 15. 0.0
ROCK 0.495 0.40 0.00001 0.35 10. 0.0
ROCK 0.50 0.60 0.025 0.5 6. 0.0
ROCK 0.60 1.00 0.11 0.65 9. 0.0ROCK 0.65 1.00 0.43 0.70 2.5 0.0
ROCK 0.80 1.00 0.43 0.9 2.5 0.0
ROCK 1.00 1.00 0.43 1.0 1.0 0.0




CHNT SAT KRO KRN KRG PCflH PCOG
ROCK -0.10 0.0 0.0 0.0 1500. 0.0
ROCK 0.0 0.0 0.0 0.0 1500. 0.0
ROCK 0.25 0.00 0.00 0.22 500. 0.0
ROCK 0.95 0.005 0.000 0.27 120. 0.0
ROCK 0.40 0.030 0.000 0.31 60. 0.0
ROCK 0.45 0.055 0.0001 0.39 15. 0.0
ROCK 0.40 0.22 0.0005 0.35 to. 0.0
ROCK 0.50 0.28 0.010 0.5 6. 0.0
ROCK 0.60 1.00 0.11 0.65 3. 0.0
ROCK 0.65 1.00 0.43 0.70 2.5 0.0
ROCK 0.80 1.00 0.43 0.9 2.5 0.0
ROCK 1.00 1.00 0.43 1.0 1.0 0.0
ROCK 1.10 1.00 0.43 1.0 0.5 0.0
CHNT
RECION 0




CHNT SAT KRO KRN KRG PC8N PC0CROCK -0.10 0.0 0.0 0.0 1500. 0.0ROCK 0.0 0.0 0.0 0.0 1500. 0.0ROCK 0.25 0.00 0.00 0.21 SOO. 0.0
ROCK 0.95 0.005 0.00 0.25 120. 0.0
ROCK o.«o 0.030 0.000 0.32 60. 0.0
ROCK 0.65 0.055 0.001 0.38 15. 0.0
ROCK 0.50 0.28 0.003 0.5 6. 0.0
ROCK 0.5110 0.33 0.003 0.560 7. 0.0
ROCK 0.55 0.55 0.015 0.55 6. 0.0
ROCK 0.60 1.00 O.tl 0.65 3. 0.0
ROCK 0.65 1.00 0.63 0.70 2.5 0.0









EMPIRICAL OATA SECTION 
SATURATIONS FUNCTIONS
0.63 1.0 0.5 0.0
CHNT SAT KRO KRN KRO FC0H PCOG
ROCK -0.10 0.0 0.0 0.0 1500. 0.0
ROCK 0.0 0.0 0.0 0.0 1500. 0.0
ROCK 0.25 0.00 0.00 0.25 500. 0.0
ROCK 0.35 0.005 0.000 0.29 120. 0.0
ROCK o.«o 0.030 0.000 0.36 60. 0.0
ROCK 0.115 0.055 0.0001 0.63 15. 0.0
ROCK 0.50 0.28 0.0005 0.5 8. 0.0
ROCK 0.53 0.33 0.009 0.53 7. 0.0
ROCK 0.55 0.55 0.020 0.55 6. 0.0
ROCK 0.60 1.00 0.11 0.65 3. 0.0
ROCK 0.65 1.00 0.63 0.70 2.5 0.0
ROCK 0.80 1.00 0.63 0.9 2.5 0.0











0.63 1.0 0.5 0.0
CHNT SAT KRO KRH KRO PCOM PCOG
ROCK -0.10 0.0 0.0 0.0 1500. 0.0
ROCK 0.0 0.0 0.0 0.0 1500. 0.0
ROCK 0.25 0.00 0.00 0.22 500. 0.0
ROCK 0.35 0.005 0.000 0.26 120. 0.0
ROCK o.«o 0.030 0.000 0.36 60. 0.0
ROCK 0.65 0.055 0.0001 0.61 15. 0.0
ROCK 0.50 0.300 0.007 0.66 6. 0.0
ROCK 0.535 0.60 0.100 0.5 7. 0.0
ROCK 0.55 0.55 0.150 0.55 6. 0.0
ROCK 0.60 1.00 0.20 0.65 3. 0.0
ROCK 0.65 1.00 0.30 0.70 2.5 0.0ROCK 0.60 1.00 0.63 0.9 2.5 0.0
ROCK 1.00 1.00 0.63 1.0 1.0 0.0
ROCK 1.tO 1.00 
END OF EHPIR1CRL SECTION 
CHNT
CHNT OHIO DATA SECTION 












































CHNT OHIO DATA FOR LAYER 1 
CHNT PERHEABILITY BARRIER
CHNT
XF 2 9 0.
XF 3 10 0.
YF 1 6  0.
YF 2 6 0.
YF 3 9 0.
YF « 10 0.
YF 5 10 0.
YF 6 10 0.
YF 7 10 0.
YF 6 10 0.
YF 9 10 0.
YF 10 10 0.
YF 11 10 0.
YF 12 10 0.
YF 13 10 0.
YF 14 10 0.
YF 15 10 0.
YF 16 10 0.
YF 17 10 0.
CHNT
CHNT THE FOLLOWING CAROS ARE FOR ROUND OFF THE CORNERS OF THE GRID 
POI 8 I -9.
POI 9 t -9.
POI 10 1 -9.
POI 11 1 -9.
POI 12 t -9.
POI 13 1 -9.
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p o i m  i -o.
poi is  i -o.
poi to i >o.
POI 17 1 -9.
POI 10 1 -9.
POI 19 1 -9.
POI 17 2 -9.
POI 10 2 -9.
POI 19 2 -9.
POI 19 9 -9.
POI 19 9 -9.
POI 19 S -9.
POI 19 6 -9.
POI 19 7 -9.
POI 19 0 -9.
POI 19 9 -9.
POI 18 10 -9.
POI 19 10 -9.
POI 19 11 -9.
POI 10 12 -9.
POI 19 12 -9.
POI 17 19 >9.
POI 18 19 -9.
POI 19 19 -9.
POI 17 11 -9.
POI 18 19 -9.
POI 19 l« -9.
POI I 15 -9.
CHNT
CHNT COMBINATION CAROS 
CHB 1 1 1  1 - 1
CMB 2 1 1 1 - 1
CHB 9 1 1  1 - 1
CHB V 1 1 1 - 1
CHB 5 I 1 1 - 1
CHB 8 1 1  1 - 1
CHB 7 1 1  1 - 1
CHB 1 2  1 1 - 1
CHB 2 2 1 1 - 1
CHB 9 2 1 1 - 1
CHB 9 2 1 1 - 1
CHB 5 2 1 1 - 1
CHB 6 2 1 1 - 1
CHB 7 2 1 1 - 1
CHB 8 2 1 1 - 1
CHB 9 2 1 1 - 1
CHB 10 2 1 1 - 1
CHB 11 2 1 1 - 1
CHB 12 2 1 1 - 1
CHB 19 2 1 1 - 1
CHB 19 2 1 1 - 1
CHB 15 2 1 1 -1
CMB 18 2 1 1 - 1
CHNT
CHB 1 9  1 1 - 1
CHB 2 9 1 1 - 1
CHB 9 9 1 1 - 1
CHB 9 9 1 1 - 1
CHB 5 9 1 1 - 1
CHB 8 9 1 1 - 1
CHB 7 9 1 1 - 1
CHB 8 9 1 1 - 1
CHB 9 9 1 1 - 1
CHB 10 9 I 1 - 1
CHB 11 9 I 1 - 1





















































































20. -170. -190•1 22. -125. -187• I 22. -too. -122
"I 22. -70. -92.•1 17. -50. -87.
-1 7. •30. -37.
•  1 10. -575. -585• 1 12. -525. -537
-1 20. -875. -508
-1 38. -880. -876-1 85. -815. -860
- I 87. -800. -887
- I 32. -380. -392
25. -325. -350-1 18. -300. -316-1 21. -250. -271
- I 21. -225. -286
- I 21. -200. -221-1 22. -180. -182-1 25. -180. -165
30. -100. -ISO
- I 30. -75. -105
-t 20. -50. -70.
-1 5. -25. -30.
10. -575. -585
- I 12. -520. -532
- I 30. -875. -505-1 80. -830. -870-1 88. -800. -688
- I 89. -375. -828
-1 30. -350. -380
-1 28. -320. -388
>1 23. -280. -303-1 28. -250. -278
-1 28. -215. -239-1 28. -190. -218
-1 25. -175. -200
-1 30. -180. -170
32. -100. -132-1 St. -70. -101-1 20. -30. -50.
-1 10. -10. -20.
_  I 27. -565. -592•1 29. -500. -529-1 30. -860. -890
35. -825. -860-1 39. -385. -828-t 39. -350. -389
30. -325. -355.1 30. -290. -320
-1 23. -250. -273
28. -235. -261-1 28. -215. -239
27. -185. -212-1 30. -175. -205-1 35. -135. -170-I 30. -100. -130.1 27. -50. -77.-1 20. -25. •85.
-1 10. -10. -20.
_ 1 12. -550. -562
-1 18. -SOO. -518
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CHB 3 7 1 1 -1 16. -t6S. -161.
CHB 1 7 1 t -1 35. -115. -150.
CHB 5 7 1 39. -370. -109.
CHB 6 7 1 1 -1 39. -310. -379.
CHB 7 7 1 1 -1 39. -300. -339.
CHB e 7 1 35. -250. -265.
CHB 9 7 1 1 -1 31. -235. -266.
CHB 10 7 t 1 -1 30. -220. -250.
CHB ti 7 t 1 >1 29. -210. -239.
CHB 12 7 1 1 -1 30. -200. -230.
CHB 13 7 1 1 -1 311. -190. -22t.
CHB It 7 1 1 -1 30. -160. -190.
CHB 15 7 1 1 -1 26. -100. -126.
CHB 16 7 1 1 -1 25. -80. -105.
CHB 17 7 1 1 -1 15. -50. -65.
CHB
CHNT
16 7 1 1 -I 10. -30. -10.
CHB 1 6 1 1 »l to. -525. -535;
CHB 2 6 1 1 -1 It. -175. -189.
CHB 3 6 1 1 -1 16. -130. -116.
CHB t 6 1 1 -1 35. -100. -135.
CHB 5 8 1 1 -1 t3. -360. -103.
CHB 6 6 1 1 -1 39. -330. -369.
CHB 7 a 1 1 -1 3t. -300. -331.
CHB 6 a 1 -1 32. -250. -282.
CHB 9 a 1 1 -1 32. -230. -262.
CHB to a 1 30. -215. -215.
CHB 11 a 1 1 *1 29. -210. -239.
CHB 12 a t 31. -205. -236.
CHB 13 a 1 1 -1 30. -180. -210.
CHB It a 1 1 -1 25. -175. -200.
CHB 15 a 1 22. -ISO. -172.
CHB 16 a 1 !6. -100. -118.
CHB 17 a 1 1 -1 13. -10. -53.
CHB
CHNT
18 a 1 1 “1 3. -30. -33.
CHB 1 9 a a -1 12. -165. -197.
CHB 2 9 6 a -1 It. -150. -161.
CHB 3 9 1 1 -1 27. -120. -117.
CHB t 9 1 1 -i 32. -375. -107.
CHB 5 9 1 1 -1 35. -350. -385.
CHB 6 9 1 1 -i 35. -330. -365.
CHB 7 9 1 t -1 3t. -300. -331.
CHB 6 9 1 t -i 30. -250. -280.
CHB 9 9 1 30. -235. -265.
CHB 10 9 1 -1 29. -215. -211.
CHB It 9 1 1 *i 30. -210. -210.
CHB 12 9 t 1 -1 30. -205. -235.
CHB 13 9 1 t -1 22. -200. -222.
CHB It 9 1 1 -1 16. -185. -203.
CHB 15 9 1 1 *i 16. -175. -191.
CHB 16 9 1 15. -150. -165.
CHB 17 9 t 1 -t 10. -too. -110.
CHB
CHNT
16 9 1 1 “i 2. -50. -52.
CHB 1 10 a 6 -1 St. -150. -161.
CHB 2 10 a 6 -1 3t. -125. -159.
CHB 3 10 6 a -t St. -380. -111.
CHB t 10 1 1 -1 35. -365. -100.
CHB 5 to 1 1 -1 25. -310. -365.
CHB 6 10 1 t -1 20. -325. -315.
CHB 7 10 1 1 -i 20. -300. -320.
CHB 6 10 1 t -1 25. -270. -295.
CHB 9 10 1 1 -t 25. -210. -265.
CHB to 10 1 t *t 27. -225. -252.
CHB It 10 1 1 *i 29. -220. -219.
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CHB 12 10 1 1 -1 25. -215. -240.
CHB 19 10 1 20. -210. -290.
CHB 14 to 1 1 -I 20. -205. -225.
CHB 15 10 1 1 >1 17. -200. -217.
CHB 16 10 1 to. -180. -200.
CHB
CHNT
17 to 1 I ”1 6. -175. -160.
CHB I 11 6 6 -1 95. -425. -460.
CHB 2 11 6 6 -1 95. -400. -495.
CHB 9 11 6 6 *1 95. -975. -410.
CHB II 11 6 6 -I 95. -950. -965.
CHB 5 11 6 6 >1 90. -995. -965.
CHB 8 11 6 -1 28. -925. -959.
CHB 7 11 6 6 -1 26. -915. -941.
CHB 6 11 6 6 -1 25. -260. -905.
CHB 9 II 6 -1 25. -260. -265.
CHB 10 11 6 6 -1 25. -250. -275.
CHB It 11 6 8 -1 25. -225. -250.
CHB 12 11 6 6 -1 25. -220. -245.
CHB 19 11 6 6 -1 20. -215. -295.
CHB 111 11 6 6 -1 20. -215. -295.
CHB 15 11 6 6 *1 20. -215. -295.
CHB 16 11 6 6 -1 15. -210. -225.
CHB 17 11 6 6 *1 15. -210. -225.
CHB
CHNT
16 11 6 6 *1 15. -205. -220.
CHB 1 12 6 90. -400. -490.
CHB 2 12 6 6 *1 90. -975. -405.
CHB 9 12 6 6 -1 90. -985. -995.
CHB II 12 6 6 -1 90. -950. -980.
CHB 5 12 6 -1 90. -995. -965.
CHB 6 12 6 6 -1 90. -925. -955.
CHB 7 12 6 6 -1 90. -915. -945.
CHB 8 12 6 6 -1 20. -900. -920.
CHB 9 12 6 6 -1 20. -280. -900.
CHB 10 12 6 6 -1 20. -275. -295.
CHB 11 12 6 6 -1 20. -260. -280.
CHB 12 12 6 6 -1 20. -250. -270.
CHB 19 12 6 6 -1 20. -250. -270.
CHB 111 12 6 6 -1 20. -250. -270. -250. -270.CHB 15 12 6 20.
CHB 16 12 6 8 >1 10. -250. -260.
CHB
CHNT
17 12 6 6 -I to. -250. -260.
CHB 1 19 6 6 -1 25. -980. -405.
CHB 2 19 6 6 -1 25. -970. -995.
CHB 9 19 6 6 -1 25. -960. -985.
CHB 6 19 6 6 -1 25. -950. -975.
CHB 5 19 6 6 -1 25. -940. -965.
CHB 6 19 6 6 -1 25. -990. -955.
CHB 7 19 6 25. -925. -950.
CHB 6 19 6 6 -1 25. -915. -940.
CHB 9 19 6 6 >1 25. -900. -925.
CHB 10 19 6 6 *1 25. -295. -820.
CHB 11 19 6 6 -1 20. -290. -910.
CHB 12 19 6 6 -1 20. -285. -905.
CHB 19 19 6 6 -1 20. -260. -900.
CHB 14 19 6 6 -1 20. -280. -900.
CHB 15 19 6 6 -1 15. -280. -295.
CHB
CHNT
16 19 6 6 -1 10. -280. -290.
CHB I 14 6 6 -1 25. -970. -995.
CHB 2 14 6 8 -1 25. -950. -975.
CHB 9 14 6 6 -1 25. -995. -960.
CHB 4 14 6 25. -990. -955.
CHB 5 14 6 6 -1 25. -990. -955.
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CHB 6 19 6 6 -1 25. -330. -355
CHB 7 19 6 0 -I 25. -320. -395
CHB B 19 6 6 -I 25. -320. -395
CHB 9 in 6 6 -1 25. -310. -335
CHB 10 in 6 6 -1 25. -300. •325
CHB 11 111 6 8 -I 25. -300. -325
CHB 12 19 6 6 -I 25. -290. -315
CHB 13 111 8 6 -I 23. -290. -313
CHB 111 111 6 6 -1 25. -290. -315
CHB 15 111 6 6 -1 20. -290. -310,
CHB 16 111 6 6 -I 15. -290. -305,CHNT
CHNT
CHNT
CHNT EQUILIBRATION CAROS 
EQIL 2 7U0. -535. -1.
EREC 6 725. >330. -1.
CHNT
CHNT INTRODUCE ROCK PROPERTIES FOR NORTHNESTERN PART OF RESERVOIR 
CHNT
FILL 1 2 8 9PHI* 0.20
FILL 1 2 6 9
KXY a 90.
FILL 1 9 10 UPHI a 0.20
FILL 1 9 10 19
KXY a 90.
FILL 10 16 12 uPHI a 0.20
FILL 10 16 12 19
KXY a 90.PHI a 1 7 0.20PHI a 3 9 0.20PHI a 17 12 0.20
KXY a 1 7 90.
KXY a 3 9 90.
KXYa 17 12 90.CHNT
PCH
CHNT
ENO OF LAYER ONECHNT m m m m m m n m h m m n m m m m m m m n m m n m n n i







CHNT GRID DATA FOR LAYER 2 
CHNT PERHEABILITY BARRIER
CHNT
XF 2 9 0XF 3 10 0YF 1 6 0
YF 2 8 0YF 3 9 0YF 9 10 0,YF 5 10 0YF 6 10 0,YF 7 10 0,YF 8 10 0,YF 9 10 0,YF 10 10 0
ER-2760 237
YF 11 10 0,r f 12 10 0,YF 13 10 0,YF in 10 0,YF 15 10 0,YF 16 10 0.YF 17 10 0.YF 16 to 0,CMNT
CHNT THE FOLLOWING CAROS ARE FOR ROUNO OFF THE CORNERS
FOI 10 1 -9.
rot 11 1 -9.
rot 12 1 -9.
rot IS 1 -9.
rot 11 1 -9.
rot 15 1 •9.
rot 16 1 -9.
ret 17 1 -9.
rot 16 1 -9.
ret 19 1 >9.
rot 16 2 -9.
rot 17 2 -9.
rot IB 2 -9.
rot 19 2 -9.
rot 19 3 -9.
rot 19 1 -9.
rot 19 5 -9.
rot 19 6 -9.
rot 19 7 -9.
rot 19 B -9.
rot 19 9 -9.
rot 19 10 -9.
rot 19 11 -9.
rot 19 12 -9.
rot 18 19 -9.
rot 19 13 >9.
rot 1 in -9.
rot 2 19 -9.
rot 3 19 -9.
rot 9 19 -9.
rot 5 19 -9.
rot 6 19 -9.
rot 7 19 -9.
rot 8 19 -9.
rot 9 19 -9.
rot 10 19 -9.
rot 11 19 -9.
rot 12 19 -9.
rot 16 19 -9.
rot 17 19 -9.
rot 16 19 -9.
rot 19 19 -9.
rot 1 15 -9.
CHNT COMBINATION CAROS
CHB 1 1 2 2 -1 10. -700. -710,
CUB 2 1 2 2 -1 10. -625. -665,
CHB 3 I 2 2 -t 10. -575. -615,
CHB 1 1 2 2 -I 35. -550. -565,
CHB 5 1 2 2 -1 30. -520. -550,
CHB 6 1 2 2 -I 32. -500. -532
CHB 7 1 2 2 -t 31. -175. -509,
CHB 6 1 2 2 -1 30. -125. -155,
CHB 9 1 2 2 -I 30. -100. -130
CHNT
CHB 1 2 2 2 -1 10. -700. -710,
CHB 2 2 2 2 -I 10. -825. -685,
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CHB 3 2 2 2 -1 10. -575. -615
CHB 4 2 2 2 -1 30. -560. -570
CHB 5 2 2 30. -510. -540
CHB • 2 2 30. -690. -520
CHB 7 2 2 2 -1 35. -650. -465
CHB B 2 2 2 >1 35. -615. -450
CHB B 2 2 2 -1 95. -375. -410
CHB 10 2 2 2 -1 35. -350. -385
CHB 11 2 2 2 -1 35. -300. -335
CHB 12 2 2 2 -1 35. -275. -310
CHB 13 2 2 2 -1 35. -250. -285
CHB 14 2 2 2 -1 35. -200. -235
CHB
CHNT
15 2 2 2 -1 35. -170. -205
CHB 1 3 2 2 -1 60. -700. -760
CHB 2 3 2 2 -1 35. -625. -660
CHB 3 3 2 2 -1 35. -570. -605
CHB V 3 2 2 -I 30. -545. -575
CHB 5 3 2 2 -1 35. -500. -535
CHB 6 3 2 2 -1 35. -475. -510
CHB 7 3 2 2 -1 30. -430. -460
CHB 6 3 2 2 -1 30. -400. -430
CHB 9 3 2 2 -1 30. -370. -600
CHB 10 3 2 2 -1 30. -340. -370
CHB 11 3 2 2 -1 32. -285. -317
CHB 12 3 2 2 -1 3V. -250. -284
CHB 13 3 2 2 -1 36. -225. -261
CHB 14 3 2 2 -1 36. -175. -211
CHB 15 3 2 2 -1 36. -150. -186
CHB 16 3 2 2 -1 36. -120. -156
CHB 17 3 2 2 -1 36. -100. -136
CHB
CHNT
IB 3 2 2 -1 35. -80. -115
CHB 1 4 2 2 -1 36. -690. -728
CHB 2 4 2 2 -1 30. -600. -630
CHB 3 4 2 2 -1 26. -570. -598
CHB 4 1 2 2 -1 32. -525. -557
CHB 5 4 2 2 -1 35. -490. -525
CHB 6 4 2 2 -1 30. -660. -490
CHB 7 4 2 2 -1 30. -425. -455
CHB 8 4 2 2 -1 30. -375. -405
CHB 9 4 2 2 -1 30. -350. -360
CHB 10 4 2 2 -1 32. -300. -332
CHB 11 4 2 2 -1 32. -275. -307
CHB 12 4 2 2 -1 32. •250. -282
CHB 13 1 2 2 -1 35. -200. -235
CHB m 4 2 2 -1 35. -175. -210
CHB 15 6 2 2 -1 35. -150. -185
CHB 16 4 2 2 -1 35. -120. -155
CHB 17 « 2 2 >1 35. -60. -115
CHB
CHNT
18 « 2 2 -1 35. -70. -105
CHB 1 5 2 2 -1 32. -675. -707
CHB 2 5 2 2 -1 30. -610. -640
CHB 3 5 2 2 -1 26. -566. -596
CHB 6 5 2 2 -1 30. -525. -555
CHB 5 5 2 2 -1 35. -490. -525
CHB 6 5 2 2 -1 32. -450. -462
CHB 7 5 2 2 -1 30. -610. -440
CHB 8 5 2 2 -1 25. -370. -395
CHB 9 5 2 2 >1 26. -330. -358
CHB 10 5 2 2 -1 30. -300. -330
CHB 11 5 2 2 -1 32. -270. -302
CHB 12 5 2 2 -1 34. -250. -264
CHB 13 5 2 2 -1 35. -215. -250
CHB 16 5 2 2 -1 35. -160. -215
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CHB 15 5 2 2 -
CHB 16 5 2 2 -
CHB 17 5 2 2 -
CHB IB 5 2 2 -
CHNT
CHB I 6 2 2
CHB 2 6 2 2 -
CHB 3 6 2 2 -
CHB 8 6 2 2 -
CHB 5 6 2 2 -
CHB 6 6 2 2 -
CHB 7 6 2 2 -
CHB 8 6 2 2 -
CHB 8 6 2 2 -
CHB 10 6 2 2 -
CHB 11 6 2 2 -
CHB 12 6 2 2 -
CHB 13 6 2 2 -
CHB tu 6 2 2 -
CHB 15 6 2 2 -
CHB 16 6 2 2 -
CHB 17 6 2 2 -
CHB 16 6 2 2 -
CHNT
CHB I 7 2 2
CHB 2 7 2 2 -
CHB 3 7 2 2 -
CHB 1 7 2 2 -
CHB 5 7 2 2 -
CHB 6 7 2 2 -
CHB 7 7 2 2 -
CHB 6 7 2 2 -
CHB 6 7 2 2 -
CHB 10 7 2 2 -
CHB 11 7 2 2 -
CHB 12 7 2 2 -
CHB 13 7 2 2 -
CHB 111 7 2 2 -
CHB 15 7 2 2 -
CHB 16 7 2 2 -
CHB 17 7 2 2 -
CHB 16 7 2 2 -
CHNT
CHB 1 8 2 2
CHB 2 8 2 2 -
CHB 3 6 2 2 -
CHB 1 8 2 2 -
CHB 5 6 2 2 •
CHB 6 8 2 2 -
CHB 7 8 2 2 -
CHB 6 6 2 2 -
CHB 0 6 2 2 -
CHB 10 6 2 2 -
CHB It 8 2 2 -
CHB 12 8 2 2 -
CHB 13 8 2 2 -
CHB 18 8 2 2 -
CHB 15 8 2 2 -
CHB 16 6 2 2 -
CHB 17 8 2 2 -
CHB 16 6 2 2 -
CHNT
CHB 1 8 7 7 _
CHB 2 8 7 7 -
CHB 3 8 2 2 -
































































CHB 5 9 2 2 -1 31. -V30. -V6I.
CHB 6 9 2 2 -1 30. -V00. -130.
CHB 7 9 2 2 -1 25. -375. -V00.
CHB 8 9 2 2 -1 20. -320. -3VO.
CHB 9 9 2 2 -1 20. -300. -320.
CHB 10 9 2 2 -I 28. -275. -303.
CHB tl 9 2 2 -1 28. -270. -298.
CHB 12 9 2 2 -1 30. -260. -290.
CHB 13 9 2 2 -1 30. -250. -280.
CHB 11 9 2 2 -1 25. -230. -255.
CHB 15 9 2 2 >1 25. -210. -235.
CHB 16 9 2 2 -1 2S. -190. -215.
CHB 17 9 2 2 >1 20. -150. -170.
CHB
CHNT
18 9 2 2 -1 18. -100. -118.
CHB 1 10 7 7 -I 20. -585. -60S.
CHB 2 10 7 7 -1 30. -525. -55S.
CHB 3 10 7 7 -I 33. -V70. -503.
CHB 1 10 2 2 -1 33. -V50. -V83.
CHB 5 10 2 2 -1 32. -WO. -V72.
CHB 6 10 2 2 -1 32. -V20. -V52.
CHB 7 10 2 2 -1 30. -375. -V05.
CHB 6 10 2 2 *1 20. -330. -350.
CHB 9 10 2 2 -1 20. -325. -3V5.
CHB 10 to 2 2 -1 20. -300. -320.
CHB 11 10 2 2 -1 20. -285. -305.
CHB 12 10 2 2 -1 20. -275. -295.
CHB 13 to 2 2 -1 20. -250. -270.
CHB 11 10 2 2 >1 20. -230. -250.
CHB 15 to 2 2 -1 20. -225. -2V5.
CHB 16 10 2 2 -I 20. -215. -235.
CHB 17 10 2 2 -1 20. -205. -225.
CHB
CHNT
18 10 2 2 -1 20. -200. -220.
CHB 1 11 7 7 -I 20. -575. -595.
CHB 2 11 7 7 -1 30. -525. -555.
CHB 3 11 7 7 -1 33. -U70. -503.
CHB V 11 7 7 -1 33. -V50. -V83.
CHB 5 II 7 7 -1 33. -WO. -V73.
CHB 6 11 7 7 -1 33. -V30. -163.
CHB 7 11 7 7 -1 30. -100. -130.
CHB 8 11 7 7 -1 25. -360. -385.
CHB 9 11 7 7 -I 20. -350. -370.
CHB to 11 7 7 -1 20. -325. -315.
CHB 11 11 7 7 -I 20. -310. -330.
CHB 12 11 7 7 -I 20. -300. -320.
CHB 13 11 7 7 -I 20. -275. -295.
CHB IV It 7 7 -I 20. -250. -270.
CHB IS 11 7 7 -1 20. -215. -265.
CHB 16 11 7 7 -1 20. -235. -255.
CHB 17 II 7 7 -1 20. -230. -250.
CHB
CHNT
18 11 7 20. -225. -215.
CHB 1 12 7 7 -1 20. -550. -570.
CHB 2 12 7 7 -1 30. -500. -530.
CHB 3 12 7 7 -1 30. -170. -500.
CHB V 12 7 7 -1 33. -150. -183.
CHB 5 12 7 7 -1 30. -110. -170.
CHB 6 12 7 7 -1 30. -125. -155.
CHB 7 12 7 7 -1 33. -110. -113.
CHB 6 12 7 7 -i 30. -375. -105.
CHB 9 12 7 7 -1 25. -370. -395.
CHB 10 12 7 7 -1 20. -360. -380.
CHB 11 12 7 7 -I 20. -350. -370.
CHB 12 12 7 7 «| 20. -325. -315.
CHB 13 12 7 20. -320. -310.
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CHB 1U 12 7 7 - 20. -300. -320.
CHB 15 12 7 7 - 20. -265. -305.
CHB 16 12 7 7 - 20. -275. -295.
CHB 17 12 7 7 - 20. -270. -290.
CHB 18 12 7 7 - 20. -260. -280.
CHNT
CHB 1 13 7 7 - 20. -525. -565.
CHB 2 13 7 7 - 30. -500. -530.
CHB 3 13 7 7 - 30. -675. -505.
CHB 6 13 7 7 - 30. -650. -680.
CHB 5 13 7 7 > 30. -635. -665.
CHB 6 13 7 7 - 30. •630. -660.
CHB 7 13 7 7 - 30. -615. -665.
CHB 8 13 7 7 - 30. -600. -630.
CHB 9 13 7 7 - 30. -380. -610.
CHB to 13 7 7 - 30. -370. -600.
CHB 11 13 7 7 - 25. -360. -385.
CHB 12 13 7 7 - 22. -355. -377.
CHB 13 13 7 7 - 22. -350. -372.
CHB m 13 7 7 - 22. -350. -372.
CHB 15 13 7 7 - 22. -350. -372.
CHB 16 13 7 7 - 22. -300. -322.
CHB 17 13 7 7 - 22. -275. -297.
CHNT
CHB 13 16 7 7 - 25. -360. -385.
CHB 1U 16 7 7 - 25. -355. -380.





EOIL 2 800. -560. -1.
EREG 7 775. -520. -1.
PCH
CHNT
CHNT INTRODUCE ROCK PROPERTIE FOR THE NORTHWESTERN PART OF
CHNT
FILL I 3 7 1
PHI* 0.18
FILL 1 3 7 1
KXYa 135.
FILL 6 6 9 1
PHI ■ 0.18
fill 6 6 9 1
KXYa 135.
FILL 7 17 12 1
PHI ■ 0.16
FILL 7 17 12 1
KXYa 135.
KXYa 6 8 135.
KXYa 18 12 135.
KXYa 13 16 135.
KXYa 16 16 135.
KXYa 15 16 135.
PHI a 6 8 0.18
PHla 18 12 0.18
PHI a 13 16 0.16PH I a 16 16 0.18
PHI a 15 16 o. to









CHNT GRIO DATA FOR LATER 8 
CHNT PERHEABILITY BARRIER
CHNT
XF 2 9 0.
XF 3 10 0.
YF 1 8  0.
YF 2 6 0.
YF 3 9 0.
YF II 10 0.
YF 5 10 0.
YF 6 10 0.
YF 7 10 0.
YF 8 10 0.
YF 9 10 0.
YF 10 10 0.
YF 10 10 0.
YF 12 10 0.
YF 13 10 0.
YF 111 10 0.
CHNT
CHNT THE FOLLOHtNS CARDS ARE FOR ROUND OFF THE CORNERS 
POI 12 1 -9.
POI 13 1 -9.
POI 111 1 -9.
POI 15 1 -9.
POI 18 I -9.
POI 17 I -9.
POI 18 1 -9.
POI 19 I -9.
POI 17 2 -9.
POI 18 2 >9.
POI 19 2 -9.
POI 19 3 -9.
POI 19 V -9.
POI 19 5 >9.
POI 19 8 -9.
POI 15 7 -9.
POI 16 7 -9.
POI 17 7 -9.
POI IB 7 -9.
POI 19 7 -9.
POI 15 8 -9.
POI 16 8 -9.
POI 17 8 -9.
POI 18 8 -9.
POI 19 6 -9.
POI 1U 9 -9.
POI 15 9 -9.
POI 16 9 -9.
POI 17 9 -9.
POI 18 9 -9.
POI 19 9 -9.
POI HI 10 -9.
POI 15 10 -9.
POI 16 10 -9.
POI 17 10 -9.
POI 18 10 -9.
POI 19 10 -9.
POI 15 II -9.
POI 16 11 -9.
POI 17 It -9.
POI 16 11 -9.
POI 19 II -9.
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POI t5 12 -9.
POI to 12 -9.
POI 17 12 >9.
POI 18 12 -9.
POI 19 12 -9.
POI 15 13 -9.
POI 16 13 -9.
POI 17 13 -9.
POI 18 13 -9.
POI 19 13 -9.
POI 1 111 -9.
POI 1 15 -9.
CHNT
CHNT
CHB 1 I 3 3 -1 70. -750. -620
CHB 2 1 3 3 -1 60. -875. -735
CHB 3 1 3 3 -1 55. -630. -685
CHB V 1 3 3 -1 45. -595. -640
CHB 5 1 3 3 -I 40. -570. -610
CHB 6 1 3 3 -1 35. -545. -580
CHB 7 1 3 3 -1 25. -520. -545
CHB 8 1 3 3 -t 20. -480. -500
CHB 9 1 3 3 -1 15. -445. -460
CHB 10 1 3 3 -1 15. -400. -415
CHB It 1 3 3 -I 15. -360. -375
CHNT
CHB 1 2 3 3 -1 70. -750. -820
CHB 2 2 3 3 -I 65. -675. -740
CHB 3 2 3 3 -1 58. -630. -688
CHB 4 2 3 3 -1 50. -580. -630
CHB 5 2 3 3 -1 45. -560. -605
CHB 8 2 3 3 -I 40. -535. -575
CHB 7 2 3 3 -1 35. -500. -535
CHB 8 2 3 3 -I 20. -465. -485
CHB 9 2 3 3 -1 20. -420. -440
CHB to 2 3 3 -1 16. -395. -413
CHB 11 2 3 3 -1 16. -360. -378
CHB 12 2 3 3 -1 17. -355. -372
CHB 13 2 3 3 -1 17. -350. -387
CHB 14 2 3 3 -1 16. -335. -351
CHB 15 2 3 3 -1 16. -320. -336
CHB 16 2 3 3 -1 10. -300. -310
CHNT
CHB I 3 3 3 -1 70. -750. -820
CHB 2 3 3 3 -I 68. -875. -743
CHB 3 3 3 3 -1 63. -820. -683
CHB 4 3 3 3 -1 55. -585. -640
CHB 5 3 3 3 -1 50. -560. -610
CHB 6 3 3 3 >1 45. -550. -595
CHB 7 3 3 3 -1 40. -480. -520
CHB 8 3 3 3 -1 30. -445. -475
CHB 9 3 3 3 -1 20. -415. -435
CHB 10 3 3 3 -t 1 / • -385. -402
CHB 11 3 3 3 -I 1 / • -360. -377
CHB 12 3 3 3 -1 -350. -367
CHB 13 3 3 3 -1 -340. -357
CHB HI 3 3 3 -1 -320. -337
CHB 15 3 3 3 -I -300. -317
CHB 16 3 3 3 -1 -275. -292
CHB 17 3 3 3 -1 -240. -257
CHB 18 3 3 3 -1 -220. -237
CHNT
CHB 1 II 3 3 -1 70. -750. -820
CHB 2 4 3 3 -1 65. -675. -740
CHB 3 II 3 3 -1 60. -620. -680
CHB 4 4 3 3 -1 58. -580. -636
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CHB 5 V 3 3 -1 53. -560. -613.
CHB 6 V 3 S "1 50. -540. -590.
CHB 7 V 3 3 -1 45. -475. -520.
CHB 6 V 3 3 -1 35. -425. -460.
CHB 9 V 3 3 -1 25. -400. -425.
CHB 10 V 3 3 -1 25. -370. -395.
CHB It V 3 3 -I 25. -360. -385.
CHB 12 V 3 8 -I 22. -345. -367.
CHB 13 4 3 8 -I 22. -330. -352.
CHB 14 4 3 3 -I 22. -320. -342.
CHB 15 4 3 3 -1 20. -300. -320.
CHB 16 4 3 3 -t 16. -250. -266.
CHB 17 4 3 3 -1 16. -240. -258.
CHB
CHNT
18 4 3 3 -I 16. -220. -236.
CHB 1 5 3 3 -I 70. -750. -820.
CHB 2 5 3 3 -1 65. -675. -740.
CHB 3 5 3 3 -I 65. -630. -695.
CHB V 5 3 3 -I 60. -580. -640.
CHB 5 5 3 3 -I 52. -550. -602.
CHB 6 5 3 3 -1 52. -525. -577.
CHB 7 5 3 3 -1 50. -475. -525.
CHB 8 5 3 3 -I VO. -415. -455.
CHB 9 5 3 3 -1 35. -390. -425.
CHB 10 5 3 3 -I 26. -360. -388.
CHB 11 5 3 3 -1 26. -350. -378.
CHB 12 5 3 3 -1 27. -330. -357.
CHB 13 5 3 3 -1 25. -325. -350.
CHB IV 5 3 3 -I 20. -310. -330.
CHB 15 5 3 3 -1 18. -280. -298.
CHB 16 5 3 3 -1 t8. -240. -258.
CHB 17 5 3 3 <1 16. -200. -218.
CHB
CHNT
18 5 3 3 -1 16. -200. -218.
CHB I 6 3 3 -I 65. -725. -790.
CHB 2 8 3 3 -1 60. -675. -735.
CHB 3 6 3 3 -1 55. -620. -675.
CHB V 6 3 3 -I 50. -575. -625.
CHB 5 6 3 3 -1 46. -550. -598.
CHB 6 8 3 3 -1 50. -500. -550.
CHB 7 6 3 3 -I 5V. -450. -504.
CHB 8 6 3 3 -1 50. -400. -450.
CHB 9 6 3 3 -1 40. -375. -415.
CHB to 6 3 3 -1 33. -360. -393.
CHB 11 6 3 3 -1 25. -350. -375.
CHB 12 6 3 3 -1 20. -325. -345.
CHB 13 6 3 3 -1 18. -315. -333.
CHB IV 6 3 3 -t 15. -300. -315.
CHB 15 6 3 3 -I 5. -250. -255.
CHB 16 6 3 3 -I 5. -220. -225.
CHB 17 6 3 3 -1 5. -200. -205.
CHB
CHNT
18 8 3 3 -I 5. -200. -205.
CHB 1 7 3 3 -1 70. -700. -770.
CHB 2 7 3 3 -1 60. -650. -710.
CHB 3 7 3 3 -1 45. -630. -675.
CHB V 7 3 3 -I 40. -575. -615.
CHB 5 7 3 3 -I 45. -525. -570.
CHB 8 7 3 3 -I 50. -480. -530.
CHB 7 7 3 3 -1 58. -440. -498.
CHB 8 7 3 3 -1 60. -400. -460.
CHB 9 7 3 3 -I 45. -375. -420.































































3 -1 22. -325. -347.
3 -1 18. -320. -336.
3 -1 16. -315. -331.
3 -I S. -260. -265.
3 -1 70. -870. -740.
3 -1 60. -625. -685.
3 -t 50. -600. -650.
3 -1 55. -550. -605.
3 -I 57. -500. -557.
3 -1 60. -475. -535.
3 -I 65. -430. -495.
3 -1 65. -400. -465.
3 -1 15. -370. -415.
3 -I 30. -350. -380.
3 -t 20. -325. -345.
3 -I 15. -320. -335.
3 -I 5. -300. -305.
3 -I 5. -270. -275.
8 -I 70. -650. -720.
8 -1 63. -600. -663.
3 -I 60. -560. -620.
3 -I 60. -525. -585.
3 -1 63. -480. •543.
3 -1 65. -475. -540.
3 -1 65. -430. -495.
3 -I 80. -400. -460.
3 -1 45. -375. -420.
3 -1 30. -330. -360.
3 -1 20. -325. -345.
3 -I 15. -320. -335.
3 -I 5. -300. -305.
8 -1 70. -625. -695.
8 -1 87. -575. -642.
8 -t 87. -550. -817.
3 -1 65. -520. -585.
3 -I 65. -480. -545.
3 -1 65. -460. -525.
3 -1 60. -430. -490.
3 -I 50. -400. -450.
3 -1 no. -375. -415.
3 -I 30. -350. -360.
3 -I 25. -330. -355.
3 -I 16. -320. -338.
3 -I 8. -310. -318.
8 -1 70. -620. -690.
8 -1 65. -560. -645.
8 -1 67. -525. -592.
8 -1 65. -500. -565.
8 -t 65. -490. -555.
8 -1 65. -475. -540.
8 -I 60. -440. -500.
8 -1 50. -430. -460.
8 -1 43. -380. -423.
8 -I 35. -360. -395.
8 -t 25. -350. -375.
8 -I 21. -325. -346.
8 -1 10. -315. -325.
8 -1 5. -300. -305.
8 -1 65. -590. -655.
8 -1 60. -550. -610.
8 -I 65. -525. -590.
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CHB 4 12 8 8 -1 65. -500. -565
CHB 5 12 8 8 -1 60. -485. -545
CHB 6 12 8 8 -1 60. -465. -525
CHB 7 12 8 8 -1 55. -455. -510
CHB 8 12 8 8 -1 50. -420. -470
CHB 9 12 8 8 -1 45. -400. -445
CHB 10 12 8 8 *1 40. -390. -430
CHB 11 12 8 8 -1 33. -380. -413
CHB 12 12 8 8 -1 25. -355. -380
CHB 13 12 8 8 -1 15. -350. -365
CHB
CHNT
14 12 8 8 -1 5. -330. -335
CHB I 13 8 8 “1 60. -560. -820
CHB 2 13 8 8 -1 60. -540. -600
CHB 3 13 8 8 -1 60. -520. -580
CHB 4 13 8 8 -1 60. -500. -560
CHB 5 13 8 8 -1 60. -490. -550
CHB 6 13 8 8 -1 65. -475. -540
CHB 7 13 8 8 -1 55. -455. -510
CHB 8 13 8 8 -I 50. -440. -490
CHB 9 13 8 8 -1 50. -420. -470
CHB 10 13 8 8 -1 40. -405. -445
CHB It 13 8 8 -1 35. -395. -430
CHB 12 13 8 8 -1 32. -385. -417
CHB 13 13 8 8 -1 20. -380. -400




EOlL 2 80S. -495. -1.
EREG 8 82S.. -550. -I.
PCH
CHNT
FILL 9 12 8 10
KXYm 3.0
CHNT
CHNT INTROOUCE ROCK PROPERTIES FOR THE NORTHUESTERN PART OF RESERVOIR 
CHNT
FILL 1 3 8 13
PHI- 0.17
FILL 1 3 8 13
KXT- oin
FILL 7 14 12 13
PHI- 0.17
FILL 7 14 12 13
KXT- 50.
FILL 4 6 9 13
PHI - 0.17
FILL 4 6 9 13
KXT- 50.
END OF LATER THREE









CHNT GRID DATA FOR LATER 4
CHNT THE FOLLOWING CARDS ARE FOR ROUND OFF THE CORNERS 
POI 10 1 -9.
POI It 1 -9.
POI 12 1 -9.






























































































































POI 19 9 -9,
POI 1 10 -9,
POI 2 to -9,
POI 3 10 -9,
POI 8 10 -9,
POI 9 10 -9,
POI 10 10 -9.
POI 11 10 -9
POI 12 10 -9
POI 13 10 -9
POI III 10 -9
POI 15 10 -9
POI 16 10 -9,
POI 17 10 -9
POI 18 to -9
POI 19 10 -9,
POI 1 11 -9
POI I 12 -9
POI 1 13 -9
POI 1 111 -9
POI 1 15 -9
CHNT
CHNT COHBtNATION CARDS
CHB 1 1 V U -1 100. -925. -1025,
CHB 2 1 II 4 -1 90. -860. -950.
CHB 3 1 II II -1 75. -815. -890.
CHB U 1 4 U -I 65. -760. -825.
CHB 5 I II II -1 55. -725. -780.
CHB 6 1 U II -1 50. -700. -750.
CHB 7 1 11 U -I 40. -875. -715.
CHB 8 1 l| 4 -I 40. -640. -680.
CHB
CHNT
9 I U 4 -I 30. -820. -650.
CHB 1 2 4 II -I 100. -925. -1025,
CHB 2 2 4 II -1 90. -850. -940.
CHB 3 2 >1 V -t 70. -800. -870.
CHB II 2 4 II -1 55. -750. -805.
CHB 5 2 II 11 -I 40. -715. -755.
CHB 6 2 4 II -I 30. -690. -720.
CHB 7 2 II II -1 30. -650. -680.
CHB 8 2 4 II -1 28. -620. -648.
CHB 9 2 II II -1 25. -580. -605.
CHB 10 2 II it -1 25. -550. -575.
CHB 11 2 II II -I ' 25. -520. -545.
CHB 12 2 11 II -1 25. -480. -505.
CHB 13 2 II V -1 25. -450. -475.
CHB 11 2 II V -1 25. -425. -450.
CHB
CHNT
15 2 II U -1 25. -400. -425.
CHB 1 3 II 4 -1 100. -925. -1025,
CHB 2 3 II 11 -1 90. -850. -940.
CHB 3 3 9 4 -1 70. -780. -850.
CHB U 3 II 4 -1 50. -740. -790.
CHB 5 3 II 4 -1 35. -700. -735.
CHB 6 3 II 4 -1 35. -680. -715.
CHB 7 3 II 4 -1 25. -630. -655.
CHB 8 3 4 4 -1 20. -590. -610.
CHB 9 3 4 4 -1 20. -550. -570.
CHB 10 3 II 4 -1 20. -520. -545.
CHB 11 3 U 4 -1 20. -500. -520.
CHB 12 3 U 4 -1 15. -470. •485.
CHB 13 3 II 4 -1 15. -430. -445.
CHB IV 3 U 4 -1 20. -420. -440.
CHB 15 3 V 4 -1 20. -400. -420.
CHB 16 3 U 4 -1 20. -380. -400.
CHB 17 3 V 4 -I 20. -380. -380.
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CHB 18 3 11 9 -1 20. -390. -360.
CHNT
CHB t 9 U 9 too. -900. -1000
CHB 2 9 U 9 90. -825. -915.
CHB 3 11 11 9 -1 70. -775. -895.
CHB 11 9 U 9 -1 95. -725. -770.
CHB 5 U 9 9 -1 30. -690. -720.
CHB 6 V II 9 -1 30. -650. -680.
CHB 7 U 9 9 -1 20. -620. -690.
CHB 8 It 9 9 -1 to. -575. -585.
CHB 9 V 9 9 -1 5. -590. -595.
CHB 10 II 9 9 -1 5. -520. -525.
CHB It V 9 9 .1 5. -975. -980.
CHB 12 U 9 9 - | 5. -950. -955.
CHB 13 U 9 9 -1 5. -925. -930.
CHB 19 11 9 9 -1 15. -900. -915.
CHB 15 9 9 9 20. -375. -395.
CHB 16 U 9 9 - | 22. -365. -387.
CHB 17 9 9 9 •1 22. -350. -372.
CHB 18 11 9 9 -1 20. -300. -320.
CHNT
CHB 1 5 9 9 95. -900. -995.
CHB 2 5 9 9 - I 85. -625. -910.
CHB 3 5 9 9 -1 70. -770. -890.
CHB V 5 9 9 90. -725. -785.
CHB 5 5 9 9 30. -675. -705.
CHB 6 5 9 9 -1 30. -690. -670.
CHB 7 5 9 9 -1 10. -600. -610.
CHB 8 5 9 9 -1 5. -560. -565.
CHNT
CHB 15 5 9 9 15. -380. -395.
CHB 16 5 9 9 -1 20. -360. -380.
CHB 17 5 9 9 -1 20. -350. -370.
CHB 18 5 9 9 -1 10. -300. -310.
CHNT
CHNT
CHB 1 6 9 9 93. -850. -993.
CHB 2 6 9 9 -1 78. -800. -878.
CHB 3 6 9 9 -1 55. -750. -805.
CHB « 6 9 9 -1 35. -700. -735.
CHB 5 6 9 9 -1 90. -650. -690.
CHB 6 6 9 9 -1 30. -825. -655.
CHB 7 6 9 9 -1 15. -580. -595.
CHNT
CHNT
CHB 1 7 9 9 90. -825. -915.
CHB 2 7 9 9 -1 65. -775. -890.
CHB 3 7 9 9 -1 95. -735. -780.
CHB U 7 9 9 -1 30. -875. -705.
CHB 5 7 9 9 -1 95. -625. -670.
CHB 6 7 9 9 30. -600. -630.
CHB 7 7 9 9 -1 15. -575. -590.
CHNT
CHNT
CHB I 8 9 9 80. -800. -860.
CHB 2 8 9 9 -1 60. -750, -810.
CHB 3 8 9 9 -1 90. -700. -790.
CHB 11 8 9 9 -1 30. -670. -700.
CHB 5 8 9 9 95. •625. -670.
CHB 6 8 9 9 -1 30. -600. -630.
CHB 7 8 9 9 -1 10. -570. -580.
CHNT
CHNT
CHB I 9 9 9 75. -800. -875.
CHB 2 9 9 9 - I 50. -790. -790.
CHB 3 9 9 9 -1 35. -680. -715.
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CHB 9 9 V II -1 30. -650. -880
CHB 5 9 « « -t 30. -620. -650
CHB 6 9 U II -t 20. -600. -820
CHB 7 9 II II -I 10. -570. -580
CHNT
CHNT
CHB 9 to u U -I 30. -625. -855
CHB 5 10 II u -I 15. -600. -615
CHB 6 to u II -1 10. -575. -585







EQIL 2 1085. -970. -1.
CHNT
PCH
ENO OF LAYER FOUR 
CHNT







CHNT CRIO DATA FOR LAYER 5
CHNT THE FOLLOWING CAROS ARE FOR ROUND OFF THE CORNERS
POI 8 1 -9
POI 9 1 -9,
POI 10 I -9,
POI II 1 -9,
POI 12 1 -9,
POI 7 2 -9,
POI 8 2 -9,
POI 9 2 -9,
POI 10 2 -9,
POI 11 2 -9
POI 12 2 -9,
POI 6 3 -9
POI 7 3 -9
POI 8 3 -9.
POI 9 3 -9.
POI 10 3 -9
POI 11 3 -9,
POI 12 3 -9,
POI 6 U -9.
POI 7 II -9,
POI 8 II -9,
POI 9 II -9,
POI 10 9 -9
POI 11 9 -9
POI 12 9 -9
POI 6 5 -9
POI 7 5 -9,
POI 8 5 -9,
POI 9 5 -9,
POI 10 5 -9,
POI 11 5 -9
POI 12 5 -9
POI 7 6 -9,
POI 8 6 -9.
POI 9 6 -9.
POI 10 6 -9,
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POI It 6 -9.
POI 12 6 • 9 .
POI 7 7 -9.
POI 6 7 *9.
POI 9 7 -9.
POI to 7 -9.
POI 11 7 -9.
POI 12 7 -9.
POI 7 8 -9.
POI 8 8 -9.
POI 9 8 -9.
POI 10 8 - 9 .
POI 11 8 -9.
POI 12 8 -9.
POI 7 9 -9.
POI 8 9 -9.
POI 9 9 -9.
POI 10 9 -9.
POI 11 9 -9.










CHNT COHBINATION CAROS 
CHNT
CHB 1 1 5 5 -I IS. -1130.-tUS,
CHB 2 1 5 5 -1 IS. -1050.-1065.
CHB 9 1 5 5 -I IS. -950. -965.
CHB 4 1 5 , 5 -I IS. -875. -890.
CHB 5 1 5 5 -1 10. -820. -830.
CHB 6 1 5 5 -1 S. -780. -785.
CHB 7 1 5 5 -1 5. -750. -7S5.
CHNT
CHNT
CHB 1 2 S 5 -I IS. -1100.-1115.
CHB 2 2 5 S -I 20. -1000.-1020
CHB 3 2 5 5 -I 20. -900. -920.
CHB 4 2 5 S -I IS. -825. -840.
CHB 5 2 5 5 -I 10. -785. -795.
CHB 6 2 5 5 -I 5. -770. -775.
CHNT
CHNT
CHB t 3 5 5 -1 16. -1100.-1118
CHB 2 3 5 5 -I 20. -1000.-1020
CHB 3 3 5 5 -1 25. -875. -900.
CHB 4 3 5 5 -I 20. -820. -840.
CHB 5 3 5 5 -I 5. -775. -780.
CHNT
CHNT
CHB 1 4 5 5 -1 16. -1075.-1091
CHB 2 4 5 5 -1 20. -975. -995.
CHB 3 4 5 5 -I 25. -855. -880.
CHB 4 4 5 5 -I 20. -800. -820.
CHB 5 4 5 5 -1 10. -770. -780.
CHNT
CHNT
CHB 1 5 5 S -I 16. -1050.-1066
CHB 2 5 5 5 -1 20. -950. -970.
CHB 3 5 5 5 -I 25. -850. -875.
CHB 4 5 5 5 -1 IS. -800. -815.




CHB 1 6 5 5 -1 15. -1000.-1015,
CHB 2 6 5 5 -1 20. -900. -920.
CHB 3 6 5 5 -I 23. -825. -868.




6 6 5 5 -1 5. -700. -705.
CHB t 7 5 5 -I 1U. -950. -961*.
CHB 2 7 5 5 -1 18. -875. -893.
CHB 3 7 5 5 -1 17. -800. -817.
CHB U 7 5 5 -I 17. -770. -787.




6 7 5 5 -I 10. -700. -710.
CHB 1 8 5 5 -1 15. -925. -9U0.
CHB 2 8 5 5 -I 17. -850. -867.
CHB 3 8 5 5 -I 17. -775. -792.
CHB 6 8 5 5 -1 17. -750. -767.
CHB 5 8 5 5 -t 16. -725. -761.CHB
CHNT
CHNT
6 8 5 5 -1 10. -700. -710.
CHB 1 9 5 5 -I 15. -900. -915.
CHB 2 9 5 5 -1 15. -600. -815.
CHB 3 9 5 5 -I 15. -770. -785.
CHB 6 9 5 S -I 15. -725. -760.











6 9 5 S -1
EQUILIBRATION CARO 
2 1110. -1050







6 3 U AS-I 90. 0.0 0.0
NAME 13 3 1 A3-2 1.5 0.00 0.0
SAME 13 3 2 AS-2 1.5 0.0 0.26
SAME 13 3 3 AS-2 1.5 0.0 0.0
SAHE 13 3 6 AS-2 1.5 0.0 0.13
NAHE 8 7 1 AS-6 2.0 0.00 0.00
SAHE 8 7 2 AS-6 2.0 0.00 0.125
SAHE 8 7 3 AS-6 1.3 0.00 0.00
NAHE 12 11 1 AS-5 35. 0.00 0.0
SAHE 12 11 2 AS-5 1.0 0.00 0.0
SAHE 12 11 3 AS-5 1.0 0.00 0.00
NAHE 5 8 1 AS-6 10. 0.0 0.10
SAHE 5 8 2 AS-6 50. 0.0 0.0
SAHE 5 8 6 AS-6 2.0 0.00 0.00
SAHE 5 8 5 AS-6 2.0 0.00 0.00
NAHE
CHNT
3 5 li AS-7 180. 0.09 0.00
NAHE to 3 1 AS-10 1.1 0.00 0.0
SAHE to 3 2 AS-lO 0.8 0.00 0.00
SAHE 10 3 3 AS-10 1.0 0.0 0.00
SAHE 10 3 6 AS-10 0.8 0.00 0.0
NAHE 3 7 6 AS-U 60.0 0.00 0.00
SAHE
CHNT
3 7 5 AS-U 80.0 0.00 0.00
NAHE 8 11 2 AS-12 3.5 0.0 0.0
SAHE 8 11 3 AS-12 18. 0.00 0.0
ER-2760 253
NAME IS 7 2 AS-13 5.0 0.20 0.0
SAHE 13 7 3 AS-13 8.5 0.0 0.39
NAME 10 0 3 AS-17 30. 0.00 0.0
NAHE 16 7 2 AS-18 3.5 0.00 0.0
NAHE U 13 2 AS-20Y 0.50 0.00 0.00
NAHE IV 13 3 AS-20Z 0.5 0.00 0.00
CHNT
NAHE 16 V I AS-22 0.7 0.00 0.0
SAHE 16 V 2 AS-22 1.2 0.0 0.0
SAHE 16 V V AS-22 1.1 0.0 0.00
CHNT
CHNT INTROOUCE INJECTION NELLS
CHNT
NAHE 6 2 1 AS1AI 3.00 0.00 0.00
NAHE 6 2 2 AStBI 3.00 0.00 0.00
NAHE 6 2 3 AS1CI 3.00 0.00 0.00
CHNT
NAHE V 7 I AS6AI 3.00 0.00 0.00
NAHE V 7 2 AS6BI 3.00 0.00 0.00
NAHE V 7 3 AS6CI 3.00 0.00 0.00
CHNT
NAHE V 9 1 AS30AI 3.00 0.00 0.00
NAHE V 9 2 AS30BI 3.00 0.00 0.00
CHNT
NAHE 18 5 1 AS3IAI 3.00 0.00 0.00
NAHE 18 5 2 AS318I 3.00 0.00 0.00
NAHE 18 5 3 AS31CI 3.00 0.00 0.00
CHNT
NAHE 18 8 1 AS32AI 3.00 0.00 0.00
NAHE 18 8 2 AS3281 3.00 0.00 0.00
CHNT
NAHE 18 V V AS33DI 5.00 0.00 0.00
CHNT
NAHE 2 9 V AS3VDI 5.00 0.00 0.00
CHNT
NAHE 3 10 I AS15AI 3.00 0.00 0.00
NAHE 3 to 2 AS15BI 3.00 0.00 0.00
NAHE 3 10 3 AS15CI 3.00 0.00 0.00
CHNT
NAHE I V V AS8DI 5.00 0.00 0.00
NAHE I V 5 AS8EI 5.00 0.00 0.00
CHNT
NAHE 1 7 V AS1VDI 5.00 0.00 0.00
NAHE 1 7 5 AS1VEI 5.00 0.00 0.00
CHNT
NAHE 3 2 V AS2VD1 5.00 0.00 0.00
NAHE 3 2 5 AS2VEI 5.00 0.00 0.00
CHNT INTROOUCE NEM PROOUCERS
NAHE 3 6 5 AS-UX VO.O 0.00 0.00
NAHE 10 8 1 AS-U1X 2.5 0.00 0.00
NAHE 10 8 2 AS-V1Y 2.5 0.00 0.00
NAHE 11 V I AS-V2X 2.0 0.00 0.00
NAHE 11 V 2 AS-V2Y 2.0 0.00 0.00
NAHE 15 8 I AS-V3X 3.0 0.00 0.00
NAHE 15 8 2 AS-V3Y 3.0 0.00 0.00
NAHE 12 5 3 AS-VVZ 3.0 0.00 0.00
NAHE 16 V 3 AS-V5Z 3.0 0.00 0.00
NAHE 5 6 V AS-VST VO.O 0.00 0.00
NAHE 5 8 5 AS-V6U VO.O 0.00 0.00
















PLIH PR EACH 5.0
PLIH MI ASlAI moo
PLIH HI ASIBI moo.
PLIH HI AS1CI moo.
PLIH HI AS6AI moo
PLIH HI AS6BI moo
PLIH HI AS6CI moo
PLIH HI ASI5AI moo
PLIH HI AS15BI moo
PLIH HI AS15CI moo.
PLIH HI AS80I 1680
PLIH HI AS8EI 1680
PLIH HI ASIUDI 1680
PLIH HI ASI4EI 1680
PLIH HI AS2UDI 1680
PLIH HI AS24EI 1680
PLIH HI AS30AI moo
PLIH HI ASSOBI moo
PLIH HI AS3IAI 1260
PLIH HI ASSIB! 1260
PLIH HI AS31CI 1260
PLIH HI AS32AI 1260
PLIH HI A532BI 1260
PLIH HI AS33DI moo
PLIH HI AS34DI 1680
THCT EACH 0.90
OH IN EACH 3.0
CHNT






















































































































1 AS-6 5V.0 0.00 0.00
2 AS-6 0.00 0.50 0.50
V AS-6 0.00 0.50 0.50
5 AS-6 0.00 0.50 0.50
3 AS-12 0.00 0.50 0.50





















































STIH 12 tl 1 AS-5 0.00 0.50 0.50
STIH 12 11 2 AS-5 0.65 0.00 0.00






























RATE AS-1 U80. 0.0
RATE AS-2 126. 0.0
RATE AS-U 122. 3U.
RATE AS-5 58. 1.0
RATE AS-6 193. 129,
RATE AS-7 U9I. 22.
RATE AS-10 82. U.
RATE AS-U 632. 0.0
RATE AS-12 101. 1.0
RATE AS-13 122. 1.0
RATE AS-17 178. 1.0





BATE AS-1 SOS. 0.0
BATE AS-2 193. 0.0
BATE AS-V 109. 91.
BATE AS-5 50. 3.0
BATE AS-6 182. 112.
BATE AS-7 553. 55.
BATE AS-10 71. V.O
BATE AS-11 521. 2.0
BATE AS-12 75. 1.0
BATE AS-13 115. 1.0
BATE AS-17 16V. 0.0




BATE AS-t 51V. 3.0
BATE AS-2 126. 0.0
BATE AS-V 83. 36.
BATE AS-5 33. 1.0
BATE AS-6 165. 152*
BATE AS-7 539. 81.
BATE AS-10 60. 3.0
BATE AS-1I 5V3. 10.
BATE AS-12 69. 8.0
BATE AS-13 135. 1.0
BATE AS-17 200. 2.0
BATE AS-16 128. 0.0




BATE AS-1 520. 0.0
BATE AS-2 96. 0.0
BATE AS-V 8V. 29.
BATE AS-5 25. 1.0
BATE AS-6 12V. 119.
BATE AS-7 502. 125.
BATE AS-10 VI. 2.0
BATE AS-11 588. 0.0
BATE AS-12 67. 1.0
BATE AS-13 13V. 1.0
BATE AS-t7 202. 0.0
BATE AS-18 128. 0.0




BATE AS-1 V09. 0.0
BATE AS-2 118. 0.0
BATE AS-V 102. 3V.
BATE AS-5 V8. 2.0
BATE AS-6 123. 150.
BATE AS-7 VV1. 171.
BATE AS-10 V8. 5.0
BATE AS-U 602. 0.0
BATE AS-12 72. 0.0
BATE AS-13 132. 1.0
BATE AS-17 217. 1.0
BATE AS-18 123. 0.0




BATE AS-1 320. 0.0
BATE AS-2 112. 0.0
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RATE AS-U 99. 38.
RATE AS-S U2. 2.0
RATE AS-6 138. 138.
RATE AS-7 U36. 153.
RATE AS-10 61. 3.0
RATE AS-U 519. 0.0
RATE AS-12 69. 1.0
RATE AS-13 126. 1.0
RATE AS-17 175. 1.0
RATE AS-18 133. 1.0




RATE AS-I 267. 0.0
RATE AS-2 112. 0.0
RATE AS-U 86. 33.0
RATE AS-5 U9. 2.0
RATE AS-6 118. 1UU.
RATE AS-7 U19. 180.
RATE AS-10 62. 3.0
RATE AS-U U5U. 0.0
RATE AS-12 66. 1.0
RATE AS-13 131. 1.0
rat£ AS-17 167. 6.0
RATE AS-18 119. 0.0




RATE AS-1 25U. 0.0
RATE AS-2 110. 0.0
RATE AS-U 50. 21.
RATE AS-5 U3. 1.0
RATE AS-6 119. IU0.
RATE AS-7 U28. 158.
RATE AS-10 58. 2.0
RATE AS-11 U09. 0.0
RATE AS-12 73. 1.0
RATE AS-13 131. U.O
RATE AS-17 106. 10.0
RATE AS-18 89. 30.0




RATE AS-1 210. 0.0
RATE AS-2 109. 0.0
RATE AS-U 63. U2.
RATE AS-5 29. It.
RATE AS-6 103. 155.
RATE AS-7 U19. 132.
RATE AS-10 53. 2.0
RATE AS-U 373. 0.0
RATE AS-12 75. 1.0
RATE AS-13 HU. 1.0
RATE AS-17 101. 8.0
RATE AS-18 135. 2.0




RATE AS-1 229. 0.0
RATE AS-2 135. 0.0
RATE AS-U 67. 36.
RATE AS-5 36. 2.0
ER-2760 259
RATE AS-6 61. 112.
RATE AS-7 UOl. 172.
RATE AS-10 7U. 3.0
RATE AS-11 3U3. 0.0
RATE AS-12 65. 1.0
RATE AS-13 111. 1.0
RATE AS-17 113. 25.0
RATE AS-16 10. 0.0
RATE AS-22 5U. 1.0
TIHE 561.
CHNT
END OF SCHEDULE DATA
